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FOREWARD 


This  report  was  prepared  for  the  purpose  of  supplying  design 
criteria  relating  to  the  physical  and  mechanical  properties  of  engineering 
materials  at  extreme  subzero  temperatures.  It  is  intended  to  extend  and 
complement  Report  No.  AA-M-23,  entitled  "Properties  of  Materials  at  Liquid 
Oxygen  and  Liquid  hydrogen  Temperatures",  by  A.  Hurlich,  by  presenting  data 
obtained  in  the  interim  (15  March  1957  to  1  December  1958).  In  addition, 
this  report  presents  some  supplementary  data  relating  to  liquid  hydrogen. 

Because  thia  report  is  concerned  primarily  with  materials  suit¬ 
able  for  use  in  missiles  and  space  vehicles,  primary  attention  has  been 
focused  on  high  strength,  light  weight  materials  such  as  austenitic  stainless 
steels,  titanium  and  aluminum  alloys,  certain  plastics,  and  light  weight 
insulation  materials. 

The  data  contained  in  this  report  were  obtained  from  Convair  labora¬ 
tory  testa,  the  open  literature,  and  private  communication  with  both  commercial 
and  government  laboratories.  The  cooperation  of  these  laboratories  is  grate¬ 
fully  acknowledged. 
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SUMMARY 


This  report  was  prepared  for  the  purpose  of  supplying  physical  and 
mechanical  property  data  necessary  for  the  specification  of  engineering 
materials  in  service  applications  at  temperatures  ranging  down  to  -423®F  (the 
belling  point  of  hydrogen  at  atmospheric  pressure).  Since  thiB  report  is 
primarily  ooncerned  with  materials  to  be  used  in  missiles  and  space  craft, 
omphasis  has  been  placed  on  those  materials  moat  suitable  for  this  application, 
such  as  high  strength,  light  weight  alloys,  and  light  weight  plastio  insula¬ 
tion.  In  addition,  since  fabrication  problems  often  present  design  limita¬ 
tions,  all  available  information  on  welded  joints  at  low  temperature  are  pre¬ 
sented. 

The  data  presented  in  this  report  were  gathered  from  a  wide  variety 
of  sources.  Convair  laboratory  data,  the  open  literature,  and  private  communi¬ 
cation  with  various  commercial  and  government  laboratories  were  the  primary 
sources  of  information.  Certain  supplementary  information  relating  to  liquid 
hydrogen  are  presented  in  the  appendix.  These  data  have  teen  found  useful 
when  specifying  materials  for  use  in  this  environment.  Similar  supplementary 
data  pertaining  to  thermocouple  e.m.f.  at  low  temperature  are  included. 

Because  low  temperature  data  are  relatively  difficult  to  obtain, 
many  of  the  experimental  points  represent  the  results  of  only  one  or  two  tests. 
Thus,  the  data  presented  must  be  used  with  caution,  and  in  some  cases  furthsr 
testing  is  desirable  to  ostadish  greater  confidence  levels.  Although  the 
data  presented  are  believed  to  be  accurate,  the  data  apply  only  to  the 
materials  in  the  heat  treated  conditions  as  stated,  and  generalization  from 
one  sample  to  an  alloy  class,  or  extrapolations  from  one  temperature  to 
another  are  unwarranted. 


The  major  conclusions  are: 

1.  The. fundamental  nature  of  deformation  and  fracture  at  low 
temperature  has  not  yet  been  elucidated.  Therefore,  general¬ 
ization  and  extrapolation  of  existing  data  is  not  warranted. 

2.  The  available  body  of  low  temperature  data  indicate  that  the 
moat  important  factor  in  low  temperature  behavior  is  crystal 
structure. 
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a.  Face  centered  cubic  alloys  generally  retain  their 
ductility  and  toughness  at  low  temperature.  They 
exhibit  large  increases  in  tensile  strength  and  moderate 
increases  in  yield  strength  with  decreasing  tern'-  ^rature . 
Examples  include  austenitic  stainless  steel  (300  aeries), 
aluminum,  nickel,  and  copper  alloys.  Important  exceptions 
occur  such  as  the  manganese  austenitic  steels.  In  addi¬ 
tion,  heat  treatments  which  strengthen  these  alloys  by 
preoipitation  of  a  second  phase  (i.e.  age  hardening) 
frequently  cause  embrittlement  at  low  temperature. 

Examples  include  the  age  hardening  aluminum  alloys  such 
as  7075,  Inconel  X,  and  K-Wonal.  Furthermore,  the 
austenitic  stainless  steels,  being  thermodynamically  un¬ 
stable,  tend  to  undergo  embrittling  phase  reactions  at 
low  temperature.  These  examples  Bhow  that  generalizations 
are  not  valid,  and  that  every  alloy  must  be  tested  prior 
to  use  at  low  temperature. 
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b.  Body-centered-cubic  alloys,  such  as  iron,  tend  to  undergo 
a  ductile  to  brittle  transformation  at  low  temperature 
which  limits  their  utility.  Although  these  alloys  may 
exhibit  large  ductility  as  measured  by  elongation  and 
reduction  of  area,  their  toughness  as  measured  in  impact 
tests  is  essentially  zero,  and  they  are,  therefore, 
unsited  to  low  temperature  service.  Again,  exceptions 
occur,  such  as  tantalum  and  certain  ordered  structures. 


c.  The  hexagonal-close-packed  alloys,  such  as  magnesium  and 
titanium,  are  generally  brittle  at  low  temperature,  but 
important  exceptions  occur,  such  as  certain  titanium  alloys. 
These  alloys  must  be  tested  in  every  case  to  establish 
their  low  temperature  properties, 

3.  The  alloys  best  suited  for  service  at  -423°F  in  missile  and 
space  craft  are  primarily  the  austenitic  stainless  steals 
(300  series),  aluminum  and  nickel  base  alloys,  and  possibly 
6A1-4V  titanium  alloys  The  steels  must  be  tested  to  determine 
the  conditions  under  which  embrittlement  oocurs,  especially 
in  welded  joints.  The  aluminum  and  nickel  base  alloys  must 
be  studied  to  determine  to  what  extent,  if  any,  second  phases 
can  be  tolerated  before  excessive  embrittlement  occurs. 


^  C  O  N  V  A  I  R 
ASTRONAUTICS 


<.ONVA>«  *  O' V  1 N ■  ON  or 
OCNeRAr  OYNAM  I.s  «  ORPOf'AT'OO 


PRtPAPEO 

CHECKED 

RfVISiO 


PAGE  Vil 

REPORT  NO.  EMG-44 
MODEL  7 

DATE:  8  December  1958 


4»  The  moat  promising  high  strength  alloys  are  301  stainless 
steel  and  5083  aluminum  (which  is  actually  a  medium  strength 
aluminum  alloy),  some  nickel  base  alloys,  and  6A1-4V  titanium. 


5,  Due  to  embrittling  reactions  which  may  occur  during  welding, 
base  metal  property  data  should  not  be  extrapolated  to  welded 
joints. 

6.  The  physical  property  data  show  that  large  variations  in 
thermal  conductivity  occur  between  these  high  strength  alloys. 
Stainless  steel  and  titanium  have  relatively  low  thermal 
conductivity,  compared  to  that  of  aluminum,  which  is  high. 


The  following  recommendations  are  based  on  the  shortcomings  of 
available  data: 


1.  Comprehensive  welded  joint  information  should  be  generated  for 
those  alloys  exhibiting  good  low  temperature  properties. 

2.  The  nature  of  second  phase  embrittlement  should  be  investigated 
in  age  hardening  alloys  such  as  aluminum  and  niokel  base  alloys 
(e.g.  7075  and  Inconel  X), 

3.  Thermal  conductivity  data  should  be  obtained  for  composite 
structures  such  as  honeycomb. 

4.  Fundamental  studies  concerning  flow  and  fracture  should  be 
conducted  or  otherwise  supported. 
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DISCUSSION t 
Introduction 

i 

With  th»  introduction  of  liquid  hydrogen  as  a  rocket  fuel,  the 
minimum  temperature  that  engineering  materials  oust  endure  has  been  lovrered 
to  -423°?,  as  contrasted  with  the  -296°F  encountered  in  liquid  oxygen.  The 
nuaoor  of  materials  that  retain  appreciable  toughness  and  ductility  at  this 
temperature  is  severely  restricted,  and  when  the  additional  requirements  of 
high  strength  and  low  weight  imposed  by  the  airborne  application  are  imposed, 
the  useful  materials  are  limited  essentially  to  the  austenitic  stainless 
steels,  aluminum,  and  nickel  base  alloys,  and  possibly  the  6A1-4V  titanium 
alloy.  Even  in  these  alloys,  undesirable  effects  occur  which  must  be 
controlled  before  the  alloys  can  be  safely  used  at  -423°F»  The  austenitic 
stainless  steels,  for  example,  may  undergo  embrittling  phase  reactions  at 
low  temperature.  These  reactions  are  especially  troublesome  in  welded  joints, 
and  must  be  controlled  by  chemistry,  heat  treatment,  etc.  The  aluminum  end 
nickel  base  alloys  are  usually  strengthened  by  age  hardening  heat  treatments 
which  introduce  second  phasos  into  the  metallic  matrices.  However,  these 
seoond  phases  cause  reductions  in  impact  strength  at  low  temperature. 
Consequently,  these  alloys  cannot  be  used  in  their  highest  strength  condi¬ 
tion,  but  a  compromise  must  be  made  between  tensile  strength  and  Impact 
strength.  The  6AI-4V  titanium  alloy  has  exhibited  useful  impact  strength  at 
-320°F  in  limited  tests i  but  further  evaluation  is  required  for  this  alloy 
before  it  can  be  used  at  -423°F. 

Since  welding  is  an  important  phase  of  missile  fabrication,  the 
available  properties  of  welded  Joints  h»ve  been  presented  in  this  report. 

Due  to  the  complex  nature  of  the  welding  process  (i.e.  the  complex  thermal 
history  of  the  joint  combined  with  ihe  me>  ."JLurgical  variables  between  the 
weld  and  parent  metal)  data  of  this  type  are  required  before  behavior  of  a 
welded  structure  can  be  determined  at  -423°?. 

The  mechanical  property  data  presented  were  generally  obtained  from 
commercial  equipment  modified  for  operation  at  low  temperature.  Such  a  modi¬ 
fication  of  a  tensile  machine  is  shown  in  Figure  1.  Samples  were  immersed  in 
oryogenic  fl»ids  during  fatigue  tests  and  just  prior  to  impact  tests. 

A  number  of  reports  are  available  which  present  low  temperature 
properties  data  relating  to  a  variety  of  materials.  This  report  differs 
from  these  in  that  only  those  materials  suitable  for  misrdle  applications 
are  considered.  An  appendix  relating  to  the  properties  of  liquid  hydrogen, 
thermoooupl  t  e.m.f.  and  heat  flow  at  -423 °F  is  included. 
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FIGURE  1  DRAWING  OF  LOW-TEMPERATURE  CONTAINER  USED 
■  IN  MAKING  TENSILE  TESTS  AT  -253  C  IN  LIQUID 
HYDROGEN  ’  _  DATA  FROIi  WADC  RKPOKT  58-386 
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DISCUS310H  AWD  AMLYSIS: 

This  portion  of  the  report  considers  the  data  available  on  various 
low  temperature  materials,  and  analyiaes  it  in  terms  of  reliability,  signi¬ 
ficance,  and  general  applicability, 


•*?» 

-*0- 


Stainless  and  Sigh  Alloy  Steel  -  The  300  series  austenitic  stain¬ 
less  steels  have  been  the  subject  of  many  low  temperature  investigations 
because  they  retain  excellent  ductility  and  toughness  at  the  lowest  test 
temperatures  attainable,  as  well  as  exhibiting  good  tensile  strength.  The 
mechanical  properties  of  Types  301.  302,  303,  304,  310,  316,  and  321,  at  low 
temperature  are  presented  in  Figures  2  through  13.  Types  301,  302,  303,  316, 
321,  and  347  generally  show  large  increases  in  tensile  strength,  moderate 
increases  in  yield  strength,  and  moderate  decreases  in  elongation  and  reduc¬ 
tion  of  area  with  decreasing  temperature.  Type  310  exhibits  an  anamolous 
decrease  in  elongation  at  -423°F  which  is  unexplained,  but  indicates  that 
caution  ebould  be  employed  when  specifying  it  for  use  at  -4 23°F.  Tables  I 
and  II  presont  impact  data  (a  measure  of  toughness)  for  these  steels,  which 
indicates  good  toughness  at  low  temperature  for  all  of  the  alloys  tested, 

Young 1 s  Modulus  (E)  data  are  given  in  Table  III,  Figure  14  and  Tables  IV, 

V,  and  VI  present  tensile  and  impact  data  on  welded  joints  at  low  temperature. 
Good  strength  and  impact  properties  are  retained  in  all  alloys  tested.  Cer¬ 
tain  stainless  steals  (those  containing  more  than  .04$  carbon  without  stabilis¬ 
ing  elements  such  as  titanium  or  columblua)  are  susceptible  to  embrittlement 
if  held  at  temperatures  of  about  120Q°F,  Steels  subjected  to  this  tempera¬ 
ture  will  be  severely  embrittled  for  all  temperature  applications,  and  must 
be  annealed  (1800°F  one  hour)  and  quenched  to  remove  the  embrittling  agents. 

Table  VII  presents  the  results  of  a  comprehensive  research  program 
conducted  at  -423°F.  Points  of  interest  include  the  following! 


1.  In  high  nickel,  high  manganese  alloys  elongation  increases  at 
low  temperature. 

2.  High  nickel  alloys  have  lower  reduction  of  area  at  low  tempera¬ 
ture  (by  50$)..  because  the  mode  of  deformation  is  much  more 
uniform. 

i 

3.  The  Hadfield  manganese  steel  is  devoid  of  duotility  at  low 
temperature . 


4.  The  31$  nickel  steel  showed  a  threefold  increase  in  yield 
strength  at  low  temperature. 
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Table  VIII  and  Figure  15  present  further  low  temperature  data  on 
austenitic  steels,  and  again  the  Hadfield  manganese  steel  is  seen  to  be 
brittle  at  low  temperature.  The  reason  for  this  embrittlement  is  not  known 
at  present,  and  therefore  the  manganese  bearing  austenitic  steels  (200 
aeries)  are  not  recommended  for  low  temperature  service.  These  steels  repre¬ 
sent  a  fertile  field  for  fundamental  research  into  the  basic  nature  of 
plastio  flow  and  brittle  fracture. 


Tables  IX,  X  and  XI  present  data  comparing  301  and  301-N  stainless 
steels.  Both  types  show  good  mechanical  properties  in  the  base  metal  condi¬ 
tion  at  low  temperature.  However,  in  the  welded  joint  configuration,  the 
301-N  undergoes  an  embrittling  reaction  at  low  temperature  as  is  shown  in 
the  fatigue  and  tensile  tests.  The  nature  of  this  embrittlement  is  not  under¬ 
stood,  but  it  is  suspected  that  the  precipitation  of  chromium  nitride  during 
welding  may  bo  responsible. 


Tables  XII  and  XIII  present  data  concerning  the  problem  as  to 
whether  or  not  properties  are  permanently  changed  if  a  sample  is  cooled, 
held,  and  then  reheated  to  room  temperature.  The  data  show  that  there  is 
no  permanent  change  unless  an  irreversible  phase  reaction  oocurs  at  low 
temperature.  Table  XII  shows  that  significant  changes  oocurred  only  in  the 
AM350  and  the  419  stainless  steel.  The  AH350  undergoes  an  embrittling  re¬ 
action  at  low  temperature  with  resulting  lowered  impact  strength  at  room 
temperature.  The  419  stainless  does  not  undergo  an  embrittling  reaction,  but 
instead  exhibits  a  ductile  to  brittle  transition  at  low  temperature.  This 
fact  accounts  for  its  low  impact  strength  at  low  temperature.  In  Table  XIII, 
the  only  stainless  steels  shoving  increased  hardness,  presumably  due  to  phase 
reaction,  are  Type  321  and  JL2Cr-8Ni-,'> Mo .  This  increase  is  very  small  and 
would  not  eliminate  these  materials  from  low  temperature  service.  Figures 
16  and  17  and  Tables  XIV  and  XV  show  that  17-7PH  and  AK350  lose  most  of  their 
duotility  as  measured  by  elongation  and  reduction  of  area  between  -320°F  and 
-423°F,  The  impaot  da+*  for  AM350  in  Table  XV  shows  a  continuous  decrease 
with  decreasing  temperature,  as  expected.  It  is  doubtful  that  either  of  these 
alloys  will  find  use  at  «423°F. 


Although  the  data  in  Table  XVI  were  not  obtained  at  low  temperature, 
they  show  the  increases  in  properties  obtainable  by  rolling  certair  ctr^nless 
Bteels  at  low  temperature.  The  increase  in  properties  is  attributed  to  a 
phase  reaction  which  oocurs  to  a  greater  extent  at  low  temperature.  As  a 
point  of  interest,  this  table  also  shows  the  effect  of  aging  at  550°F  for 
24  hours,  subsequent  to  rolling. 


C  O  N  V  A  I  R 
ASTRONAUTICS 

vONVAiH  A  OivtS  ON  Of 
GlNl.AC  DTNAM1C6  COWPOHATtON 


PREPARED 

CHECKED 

REVISED 


PAGE  5 

REPORT  NO.  EMG-44 
MODEL  7 

DATE:  8  December  1958 


Figures  19  and  20  hav«  been  included  to  indicate  the  mode  of 
deformation  at  low  temperature  and  to  contrast  these  modes  at  ambient  and 
low  temperature .  Type  302  and  303  stainleea  steel  show  the  effects  of 
phase  reactions  which  occur  with  increasing  deformation  causing  resultant 
hardening.  The  310  alloy,  because  it  contains  more  nickel,  does  not  undergo 
this  type  of  reaotion  and,  therefore,  shows  a  typical  stress-strain  curve  at 
all  temperatures.  The  416  stainless  is  brittle  at  low  temperature  and, 
therefore,  exhibits  erratic  stress-strain  curves  at  low  temperature. 

Tables  XVII  and  XVIII  show  the  effects  of  low  temperature  on  the 
properties  of  nickel  steels,  in  both  the  baBe  metal  and  welded  joints.  These 
tables  show  the  powerful  effect  of  nickel  in  preventing  low  temperature 
embrittlement. 

The  shortcomings  of  these  data  lie  in  the  inadequate  information 
relating  to  welded  joints  and  301  stainless  oold  rolled  to  extremely  high 
strength  levels.  These  are  areas  of  primary  significance  in  missile  design, 
and  these  data  should  be  generated  as  rapidly  as  possible. 

Nickel  Base  Alloys  -  Nickel  base  alloys  are  attractive  for  low 
temperature  applications  because  they  are  inherently  stable  and  have  good 
ductility  at  all  temperatures.  They  have  no  tendency  to  become  embrittled 
by  phase  reactions,  as  do  certain  stainless  steels  at  low  temperature.  They 
also  exhibit  good  tensile  strength  in  the  cold  rolled  state.  It  is  an 
interesting  fact  that  faoe  centered  cubic  alloys  generally  exhibit  good  high 
temperature  properties  (i.e,  creep  strength).  Since  this  structure  is  also 
associated  with  good  ductility  at  low  temperature,  it  happens  that  some  “high 
temperature"  alloys  are  also  suitable  for  low  temperature  applications. 

Figures  21  through  28  show  that  in  general  both  the  tonsile  and 
yield  strengths  increase  moderately  with  decreasing  temperature.  Elongation 
and  reduction  of  area  remain  high  at  low  temperature  and  excellent  toughness 
is  also  retained,  as  is  shown  in  Table  XIX.  The  cold  worked  alloys  have  less 
Impact  strength  than  do  the  annealed  alLoys,  but  still  their  toughness  is 
good  at  the  lowest  temperature  tested.  Those  nickel  base  alloys  that  depend 
on  an  age  hardening  reaction  for  higher  strength,  suoh  as  K-Monel,  would  be 
expected  to  have  a  lower  impaot  strength  at  low  temperature,  and  this  expect¬ 
ation  is  confirmed  in  Table  XIX, 

The  high  temperature  alloys  listed  in  Table  XX  are  age  hardened 
and  would  be  expected  to  have  relatively  poor  low  temperature  properties, 
especially  impact  strength. 
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The  moat  promising  alloys  of  thi.8  group  for  low  temperature  appli¬ 
cation  are  the  nickel  and  cobalt  base  alloys  cold  rolled  to  high  strength. 

Ho  data  exist  for  alloys  of  this  type  such  as  Haynes  25,  R-235,  etc.  Data 
on  welded  joints  is  non-existent  at  low  temperature  and  should  be  obtained 
as  soon  as  posnible.  Further  experimental  work  should  also  bo  done  to 
determine  the  relation  of  second  phase  size  and  distribution  (and  hence 
strength)  on  the  low  temperature  impact  properties.  This  work  is  especially 
applicable  to  alloys  such  as  K-Monel  that  can  be  formed  in  the  soft  condition 
and  age  hardened  to  suitable  high  strength  levels. 

Aluminum  Alloys  -  The  room  temperature  properties  of  those  aluminum 
alloys  recommended  for  low  temperature  service  are  given  in  Tables  XXI  through 
XXX,  and  the  low  temperature  properties  are  presented  in  Figures  31  through 
36  and  Tables  XXXI  through  XXXI V.  Again,  the  tensile  strength  is  seen  to 
improve  markedly  and  the  yield  strength  slightly  with  decreasing  temperature. 
Ths  reason  for  this  behavior  is  not  completely  understood  at  present  and 
presents  an  interesting  area  of  research. 

The  aluminum  alloys  suitable  for  low  temperature  service  are  the 
solid  solution  type,  and  therefore  do  not  generate  the  higher  strengths 
characteristics  of  the  age  hardening  alloys.  These  higher  strength  alloys, 
due  to  the  precipitate  which  accounts  for  their  strength,  become  cemewhat 
embrittled  at  low  temperature,  especially  ir.  welded  joints.  Such  a  high 
strength  alloy  is  shown  in  Figure  12. 

Fatigue  data  on  tvo  aluminum  alloys,  24S-T4  and  75S-T6,  are  given 
inFLfUBes  35  and  36. 

The  limited  welded  joint  data  available,  Table  XXXI,  show  that  the 
5083  alloy  retains  full  strength  at  low  temperature. 

Titanium  Alloys  -  Titanium,  belonging  to  the  hexagonal  close  packed 
crystal  structure,  vrould  normally  be  expected  to  be  brittle  at  low  temperature. 
However,  some  alloys,  noteably  6AI-4V,  retain  fairly  good  toughness  at  -320°F. 

A  large  body  of  low  temperature  data  have  been  gathered  by  Battelle  Memorial 
Institute  and  are  presented  in  Tables  XXXV,  Here  the  6A1-4V  alloy  is  seen  to 
exhibit  good  toughness  in  a  variety  of  samples.  Further  data  obtained  by 
Convalr  are  presented  in  Tables  XXXVI  through  XXXIX.  These  data  confirm  the 
toughness  of  the  6A1-4V  alloy  at  -320°F,  and  also  show  that  KS-140  losen  the 
major  portion  of  its  impact  strength  at  -320°F.  The  alloy  B120VCA  is  seen 
to  be  brittle  at  low  temperature  and  is  not,  therefore,  suited  for  low  tempera¬ 
ture  application. 
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Although  only  limited  impact  data  are  available  at  -423°F» Figures 
37  through  39  indicate  notch  sensitivity  ia  developing  between  -320°F  and 
-423 *  For  this  reason  more  data  must  be  aade  available  before  these  alloys 
could  be  recommended  for  service  in  liquid  hydrogen. 

Magnesium  Alloys  -  Data  on  magnesium  alloy »  at  low  temperature  are 
limited,,  but  those  data  available  show  that  its  ductility  as  measured  by 
elongation  and  reduction  of  area  decrease  rapidly  at  low  temperature.  In 
general,  its  impact  strength  is  low  at  room  temperature  and  remains  low  at 
low  temperature.  For  this  reason  it  has  not  found  many  applications  at  low 
temperature. 

Copper  Alloys  -  Although  copper  alloys  are  not  usually  considered 
as  missile  materials  due  to  their  relatively  low  strength  and  high  density, 
some  data  are  included  here  because  of  the  excellent  low  temperature  properties 
of  these  alloys.  Their  exoellsnt  thezmal  and  electrical  properties  oombinsd 
with  their  sase  of  fabrlcability  by  soldering  and  brasing  may  gain  them 
limited  application.  The  data  all  ahov  increasing  tensile  and  yield  strengths 
with  decreasing  temperature,  and  again  the  unexplained  phenomena  of  Inareasing 
ductility  with  decreasing  temperature  is  observed  in  all  the  alloys  studied, 
except  for  the  phosphor  bronse. 

'  Low  Alloy  Steel*  -  All  steels  in  this  category  undergo  a  ductile  to 
brittle  transformation  slightly  below  room  temperature.  This  transformation 
occurs  over  a  temperature  range  that  is  dspendent  upon  chemistry,  best  treat¬ 
ment,  grain  sise,  etc.  Several  figures  haye  been  included  (Figures  66 
through. 75)  which  illustrate  this  type  of  behavior,  which  malces  this  class  of 
alloys  unsuitable  for  low  temperature  service. 

Solders  -  Extremely  limited  data  on  solders  in  Figure  77  and  Table 
XL  indicate  that  high  lead  solders  retain  good  duotility  and  excellent 
toughness  at  -423°F.  Large  amounts  of  tin  in  the  solder  lower  impact  strength 
and  are,  therefore,  not  rs commanded  for  low  temperature  service.  A  few  tests 
indicate  that  indium  solder*  may  be  promising  for  low  temperature  application. 

Plastics  -  Mechanical  test  data  on  plastics  are  extremely  meager  at 
low  temperature.  Notched  and  unnotohed  data  on  a  filled  epoxy  are  given  in 
Figure  80,  and  stress-strain  curves  for  expanded  polystyrene  and  expanded 
epoxy  resina  are  given  in  Figures  78  and  79,  respectively. Also  Bee  pages  353  and  I54, 

1 

Physical  Properties  -  Thermal  conductivities  for  most  pure  metals 
and  alloys  haye  been  determined  over  a  range  of  temperatures  down  to  -454°F, 
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the  boiling  point  of  helium,  Tbs  data  are  presented  in  Figures  83  through 
97  and  Tables  XLII  through  XLVIII.  Some  data  on  thermal  conductivities  of 
plastios  and  Insulation  materials  hams  been  determined  and  sre  presented  in 
Figures  98  through  101  and  Tables  XLIX  through  hi.  Polystyrene  foam 
(Styrofoam)  is  seen  to  be  the  best  choice  smong  solid  foams,  and  furthermore, 
has  adequate  strength  combined  with  low  density,  Better  insulations  may  be 
had  by  filling  evacuated  spaces  with  poudsred  insulations  which  aot  as  thermal 
radiation  shields  and  yield  extremely  low  conductivity. 

Some  mechanical  property  data  on  plastics  are  given  in  Figure  98 
and  Table  L,  along  with  specific  heat,  emissivity,  and  thermal  expansion 
data  for  miscellaneous  solids.  Further  thermal  expansion  data  are  presented 
in  Tables  LII  through  LZII  and  Figures  102  and  103. 

Liquid  Hydrogen  and  Miscellaneous  Design  Data  -  These  data  were 
inoludod  in  this  report  to  cover  questions  that  frequsntly  arist  during 
materials  selection  for  liquid  hydrogen  environment  applications.  The  thermo¬ 
couple  e.a.f.  data  and  heat  flow  calculations  are  useful  to  any  experimentalist 
working  in  this  field. 

Hydrogen  is  distinguished  by  the  occurrence  of  two  molecular  varieties 
which  differ  from  each  other  in  the  nature  of  their  nuclear  spins.  In  tbs  ortho 
configuration  the  spins  are  parallel,  causing  the  molecule  to  be  magnetic,  while 
in  the  para  form  the  spins  are  antiparallel  and  the  molecule  is  nonmagnetic. 

The  equilibrium  ratio  of  ortho  to  para  at  room  temperature  is  75.0/25.0  (“normal" 
hydrogen)  while  at  -423°F  the  equilibrium  ratio  is  0,2/99.8. 

If  normal  hydrogen  is  liquefied , the  ortho  to  para  conversion  process 
will  oocur  spontaneously  with  a  liberation  of  heat  which  is  of  sufficient 
magnitude  to  cause  large  boil-off  losses  (20£  per  day).  To  avoid  this  boil- 
off  loss,  hydrogen  is  liquefied  in  a  process  involving  catalyst  which  yields 
a  product  that  is  almost  all  para  hydrogsn.  The  significance  of  this  to  the 
missile  engineer  is  simply  that  liquid  hydrogsn  used  as  a  rocket  fuel  must  be 
in  the  para  fora  to  prevent  large  boil-off  logseu. 


ro*w  A-i))1 


STRESS  (1000  psi) 


I 


Page  9 
EMG-44 
Model  7 

DATE;  8  December  1^58 


Data  from  NBS  Kepcrt  No.  500<\  by 
Kropschot  and  Graham. 


0  50  100  150  200  250  300 

TEMPERATURE  °K 

Figure  2.  Tensile  and  yield  strength  of  301  stainless  steel. 
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Figure  3.  Elongation  and  reduction  of  area  of  301  stainless  steel. 
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Figure  *1 .  Tensile  and  yield  strength  of  302  stainless  steel. 
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Figure  8.  Tensile  and  yield  strength  of  310  stainless  steel. 
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Figure  iiol  Tensile  and  yield  strength  of  316  stainless  steel. 
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Figure  <32.  Tensile  and  yield  strength  of  321  stainless  steel, 
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TABIS  II_  Keyhole  charpy  Impact,  ft.  IbB. 
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TABtE  ITI  -  Effect  of  temperature  on  young's  modulus 
of  cold  worked  austenitic  stainless  steels 
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TAME  IV_- Impact  strength  of  stainless  steel 
weld  joints  in  ft.  lbs. 
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annealed 

20. 

25 

18.5 

22.6 

10 

10 

18 

347 

as  welded 

} 

32 

32 

27 

24 

20.5 

25.5 

18 

18 

• 

22 

annealed 

32 ** 

29 

32 

30 

28 

23 

20.6 

23 

28.5 

347 

as  welded 

none 

25.5 

29 

22.5 

18.5 

20 

20 

18 

22 

27 

stress  lelieved 

27 

25 

20 

20 

13 

14 

stabilised  ■ 

22 

22 

17 

14 

15.6 

13.5 

annealed 

20 

24 

25.5 

25 

24.6 

17 

10 

20 

20 

347 

os  welded 

3.5% 

27 

33 

28.6 

20.6 

20.5 

22 

10 

19 

17 

•tress  relieved 

26.5 

24 

16.6 

14.5 

13 

0.6 

0 

stabilized 

22 

19 

18 

15 

7 

20 

14 

14.6 

annealed 

27 

24.5 

27.6 

24  5 

20 

20 

23.6 

22.6 

■ 

29.5 

547(a). 

as  welded 

28 

25 

22.6 

33 

17.5 

26  5 

17.5 

13 

10 

f  ... 

annealed 

, 

3t 

28 

27 

20 

21.5 

22.8 

21 

♦  Hrnt  Ircntr.cnta  were  na  follow*: 
n.t  wetdrrt 
stress  relieved  120C’  F.  2  hr*, 
stabilized  1550*  F.  2  hr*, 
nnnonird  1050*  F. '/i  hr.  water  quenched. 

t  Ferrite  was  determined  by  use  of  a  Amlnco-Brcnnrr  Magnc-Cage,  as  outlined  in  "Detection  of  Fcrrilo  by  It*  Magnetisrrt,”  by  T.  V. 
PnnpVin«on  A  M.  J.  Lagne.  "MeUl  Progress,"  Feb.  1049,  page  164. 

§  Not  measured  but  probably  the  game  as  test  No.  14  since  the  anmc  electrode  was  used.  , 

(a)  Tiianiit  type  coating.  All  other  electrodes  had  lime  type  coiling.  ii0j..n.  JT.9R-  JBtgrnnt)  onnt  Nlqkoj^COj. 


TABLE  VI 

VELDIHO  07  9  pffl  cc;rr  NICKEL  3TFFL  WITH  MCO-tm)  »A" 
DATA' FROM  INTERNATIONAL  NICKEI,  COMPANY 


refF5  27 
EMC- 44 
Model  7 

DATFt  8  De<2.rabor  I95C 


Ths  itfrteile  and  yield  strength  tnluea  were  of  the  am?  order  of  magnitude 
Ad  thofle  obtained  previously  vit.h  othnr  Inco  electrodes*  \a  nont  of  the 
elongation  occurred  In  the  weld,  which  comprint  only  a  maill  portion  of 
the  2-inch  gage  length,  the  reported  elongation  tihua  of  13  por  cent  aro 
’'rtifioiilly  low,  Actual  along  itiott  of  the  wold  jrotul  proUbly  oxcocdod 
35  per  oont. 


Operating  charnctorietica  of  thlc  electrode  wore  noro  noirly  akin  to  thore 
of  chromium-nickel  stainless  etaol  than  any  high  nickel  alloy  electrode 
yet  tried* 

j 

The  following  tost  raluefl  wore  obtainodi 


TFN3XLE  TEST  - 

Heat  Tlold  Gtrongth 

Trmtaant  O.gS  Of  foot,  pel 

A.W.  '  62,000 

Z3.R.  62,500 


Poo:1  TTiiPF.rATU;  B 


Tonnilo  Elongation  Pnd,  of 

Strength  nnj  %  in  2  In.  Area,  1, 


97,750  13.0  47 

99,000  13.5  44 


IMPACT  TFbTS  -  KEYHOLE  NOTCH 


Tamoeraturo  of  Teat 

Impact 

.  Ft. Lb. 

Wold 

Fusion 

Zone 

A.  V. 

3,  H, 

A.  V. 

S.  II. 

1 

70  r 

33-1/2 

38 

35 

30 

-320  r 

32 

.33 

31 

27-1/2 

35-|/2 

37-1/2 

36-1/2 

36  . 

\ 

HAPDNES3  DATA 

Tiokere  Hardness 

10  DO  D,1 

?. 

• 

Plate 

Heat  Affected  ]?one 

Veld 

AreraRe 

max.  . 

Average 

As  Welded 

293 

363 

208 

Stress  Pelleted  267 

294 

198 

t 


-*> 

-t 


'  PnrjG  28 

KMC -44 
M0do]  7 

DATE*  8  December  1.958 

IOW  TEMPERATURE  mOPKRTIFS  OF  KV't  IS 


Pr*lc- 

nation 

Material 

Comi'o.lllon,  % 

Treat¬ 

ment 

Temp. 

eralurc 

cl 

Tcndle 

MrenRlh, 

YJeM 

Point, 

i 

KIoiir 
at  Ion 

N  educ¬ 
tion 
of 

rtrlnetl 

Hard- 

C 

Mn 

Nl 

Cf 

Cu 

Tct. 

•F. 

lb/ 

•q.  In. 

lb/ 
e<j.  In. 

In  2* 

% 

Area, 

% 

new 

A 

1.0) 

0.04 

52. '00 

41.700 

25  0 

81.0 

101 

ClnrcMl 

Iron 

Ported 

—290' 

—425* 

116. '00 
117,000 

Nil 

230 

117,000 

Nil 

Nil 

232 

D 

0.14% 

(1.14 

0.07 

45.700 

42.700 

27  5 

77.3 

!M 

ncalrd 

I472*K 

—296* 

—423* 

137,000 

7  5 

281 

Mori 

155.000 

155.000 

0  5 

2  5 

326 

c 

0  177* 

0.37 

0.20 

76.700 

20.0 

63.0 

157 

— 296* 

148,000 

151.000 

17  0 

39  0 

294 

Steel 

I472*F 

—  t2J° 

151.000 

Nil 

Nil 

316 

o 

ft. ?5% 
Carbon 
Slrtl 

0.7* 

0.10 

90,000 

95.f**0 

12  0 

35.0 

194 

— 290* 

1M.700 

Nl! 

323 

1472*F. 

—423- 

IM.000 

1 23,000 

0  2 

Nil 

244 

B 

7% 

0.14 

0.72 

1  .92 

76,200 

132.000 

120.000 

20  0 

170 

Nickel 

Steel 

> :  o 

769 

14/2-F. 

— 42.1* 

120,000 

Nil 

Nil 

218 

F 

25% 

Nickel 

Steel 

o.t« 

1.0 

14.51 

.... 

.... 

An- 

Room 
— 290* 

III 

l-’Ct' 

«NN 

170.000 

16  0 
10  0 

53.0 

370 

524 

1472*F. 

—423* 

8  0 

36  0 

527 

c 

Nlctel 

St  col 

0.70 

0.82 

11.4 

96.600 

67,200 

29  0 

15.5 

167 

ncal^H 

1472*F. 

—290* 
— 423* 

219.000 

265.000 

YtV.000 

10  o 

11  0 

16.5 

487 

513 

11 

Nlctel 

Steel 

(Invat) 

o".l« 

0.86 

55.8 

1022*F. 

81.000 

52.500 

32  0 

57  5 

150 

Water 

Quench 

— 42J* 

141.000 

127.000 

20  3 

59.5 

.102 

I 

‘A 

Slcel 

0.34 

1.31 

. 

57.5 

to  7.000 

72.400 

31  5 

59  5 

177 

lotted 

—423- 

iot.ooo 

I07.00<) 

35  5 

54  0 

346 

J 

Nl-Cr 

Steel 

0.25 

0.40 

2.67 

0.64 

.... 

An. 

nealed 

1472-F. 

Room 

—200* 

—42,1* 

79.500 

137,000 

1 19.000 

69,500 

21  0 
17  0 

59  0 
54  0 

159 

281 

119.000 

Nil 

Nil 

2J5 

K 

Nl-Cr 

Steel 

0.55 

0.56 

3.J4 

0.71 

.... 

I562*P. 

Oil 

Quench 

Draw 

1 100*  V. 

Room 

—423* 

146.000 

241.000 

131,000 

243,000 

13.5 

4  5 

59.5 

48. 5 

284 

479 

L 

Draw 

572-F. 

Room 

—423* 

241.000 

328,000 

258.000 

297.000 

6  0 
0  9 

SI  5 
Nil 

466 

605 

M 

18-8 

StatnleH 

O.ll 

0.24 

6.1 

18.8 

2I0VF. 

Water 

Quench 

Room 
— 42J* 

117.000 

263.000 

58.000 

125.000 

56.0 
25  0 

53  5 
JO  5 

176 

516 

N 

NI-Mq 

Steel 

1.0 

6.05 

17.9 

1922*F. 

114.000 

51.000 

51  0 

64.0 

159 

Wale? 

Quench 

— 29<s# 

168,000 

175,000 

4!  0 

. 

355 

—423* 

1 50.000 

|3  0 

25.5 

J76 

o 

Nl-Mn 

Steel 

1  .IS 

6.03 

14.3 

1922*F. 

121.000 

58.000 

61 .0 

59.5 

191 

Water 

Quench 

—296* 

—423* 

188.000 

195.000 

67  0 

47  0 

286 

151,000 

26  0 

50.5 

404 

p 

Cr-NI-Fe 

Alloy  ‘ 

0.46 

2.41 

14.40 

59.3 

.... 

Aa 

Horsed 

Room 

—423* 

122.000 

174.000 

112,500 

135,000 

22.0 

28.5 

58  0 
40  5 

230 

368 

0 

Man. 
nneee 
Steel  . 

1.27 

12.64 

1832*P. 

148.000 

77,30 0 

44.5 

39  0 

727 

Water 

Quench 

—296- 

—423* 

137,000 

146,000 

2  5 

364 

146.000 

Nil 

Nil 

303 

R 

Monel 

.... 

67.0 

.... 

.10.3 

As 

Forced 

Room 

—423* 

86.500 

142.000 

48.000 

96.100 

36  0 
38.5 

74.5 
6t  0 

14$ 

297 
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TABU  VIII 


Pag*  29 
IMB-44 
Modal  7 

DATB»  8  December  1958 


_JL 

J fa. 

-Si- 

JfcL 

-Cl.. 

-fiUL 

JL_ 

A. 

Hadfield  Manganese  Steel 

1.4 

12.1 

0.1 

B. 

AMS  5624  Annealed 

0.60 

4.4 

0.5 

12.9 

3.3 

Mo-0.4 

c. 

Mn^Xi-Cr-Cu  Austenitic  Stain. 

0.07 

4.9 

5.4 

18.0 

1.3 

C. 

Ma-Cr-Cu-K  Austenitio  Stain. 

0.10 

14.1 

0.7 

17.6 

1.2 

M-0.30 

CAB  Annealed  1950°F,  Jllr  Cooled 


Temperature  (°F) 


Tensile 

Strength 


Elongation  in  1 


Reduction  of 


Charpy 
t.  (Keyhole 


A. 

80 

158,000 

62.5 

37.7 

-165 

138,000 

25.0 

23.3 

-335 

137,000 

12.0 

11.3 

-320 

137,000  • 

4.0 

4.9 

B. 

80 

104,000 

77 

•n/,» 

-100 

124,000 

80 

94m 

-320 

155,000 

29 

C. 

80 

95,000 

81.0 

80.7 

193* 

s> 

& 

-100 

163,000 

59.5 

68.9 

153b 

-320 

234,000 

46.5 

58.3 

68b 

D. 

80 

111,000 

70.8 

76.8 

211 

-100 

154,000 

72.5 

74.8 

160 

-320 

211,000 

20.0 

19.2 

45 

Date  from  Payson,  Crucible  Steel  Company* 
From  Conference  on  Materials  and  Design 
for  Low  Temperature  Service,  Department  of 
the  Army,  Corps  of  Engineers. 


Betty  and  Mudge,  Properties  of  Various  Alloys  at  Subzero  Temperature,  Iron  Age,  14  Xov.  1946 


SAX  1QJLQ 


Temperature 


Hold 

Strength 

-IbsiL. 

28,000 

117,000 


Ultimate 

Strength 

Jgg&l— 

a, 000 

117,000 


Elongation  %  in  2* 
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TABIZ  n 

IBMSIU?  AMD  FATIGUE  PROPERTIES  QF.3Q1  AMD  3  01-11  STAIMIZSS 

STKL 


■a 

Cr 

Hi 

Kn 

Ho 

P 

S 

c 

Si 

301 

0.039 

17.4 

7.11 

0.97 

0.12 

0.023 

0.013 

0.10 

0.42 

301-H 

0.133 

17.3 

6.78 

0.86 

0.14 

0.021 

0.024 

0.09 

0.44 

+70°F 


301 


Yield  Str. ,  pel  201,000 
Ultimate  Tensile  Str.psi  208,000 
Elongation,  %  9 


-320°? 


350,000 


+70°F 


30L-M 


192,000 

202,000 

U 


-}20°T 


350,000 


Tension  Fatigue  Tests  of  .020*  Vcldsd  Sheet,  Cycled  From 
0  to  144,000  pel 

Humber  of  Cycles  to  Fracture 


301  _  301-M 

_ a 


+70°F 

0 

-320  F 

+70°F 

-320 °F 

925 

2878 

712 

179 

991 

2461 

624 

746 

888 

2674 

539 

94 

627 

169 

c  O  N  V  A  I  R 
ASTRONAUTICS 


CONVAIR  A  DIVISION  OF 
OCNIRAU  DYNAMIC*  CORPORATION 
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REPORT  no.IHG-44 
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DATE:  8  December  1953 


TABUt  X 

STATIC  7mm  TESTS  OF  «Q2Q.W  MELDED  SHEET 
TIPI  3Q1 


Wald  Corf isufcatioa 

Resistance  Spot  Weld 
+70r  r320 °I  tSSl. 

Hali-Arc  Weld 
+70°F  -32C°r 

£80* 

Res.  Lap  spots  eaob  side 

207,000 

247,000 

+22.4 

183,000 

226,500 

34.7 

Res.  lsp  RP* spots'  each  side  212,000 

- 

w 

193,000 

- 

- 

Hell-lap  spots  each  side 

200,000 

- 

mm 

184,000 

231,000 

+25.5 

Hell-lap  RP*  spots  eaoh 

side 

204,000 

- 

- 

182,000 

233,000 

+28.2 

SHSJflldf 

Res.  lap  spots  eaoh  sido 

196,000 

183,000 

-7.6 

182,000 

214,500 

+17.9 

Res.  lap  RP*  epots  eaoh 

side 

198,000 

167,900 

-15.2 

182,000 

213,400 

+17.3 

Heli-lap  spots  eaoh  side 

185,000 

169,900 

-8.2 

166,000 

- 

- 

Hali-lap  RP*  spots  each 

side 

180,000 

188,200 

+4.6 

170,000 

*  IIP:  Roll  Planished. 


ROHM  A*»7.| 


C  O  N  V  A  i  R 
ASTRONAUTICS 


CONVAIR  A  DIVISION  Of 

ocncral  dynamics  corporation 


I 

/ 

PREPARED 

CHECKED 

REVISED 


US! £JUt 


aims  aaBM  am  ai  am  isira  or  301  w  aoi 

*S  in  rATIQd  TCTS  0.Q2Q*  SHRT 


301 

-K70°y 

206,900 

205,400 

iOQ.SOQ 

AVERAGE  206,200 

AVERAGE 

„=2 32-1 
250,600 
243,300 
S53.*7gQ 
AVERAGE  243,900 


AVERAGE 
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REPORT  NO.  IMG -44 
MODEL  7 

DATE:  8  De camber  1953 


Mi  SAME  iPIMT 


301-M 

+70°F 

211,800 

208,500 

207,900 

209,200 

209,000 

SQgJfl? 

209,100 


rj.20°y. 

186,900 

191,000 

220,600 

209,000 

187.500 
134,000 
218,900 
202,700 
180,000 
163,000 
181,360 

i&l m 

192.500 


fORM  A-JA7.I 
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CONVAIH  A  OIVKION  OF 
OCNCRAL  DYNAMICS  COAPOAATION 
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REPORT  NO.  EMG-44 
MODEL  7 

DATE:  8  December  1958 


WMML 

MECHANICAL  PROPERTIES  OF  VARIOCB  SHEET  MATERIALS  AFTER  EXPOSURE 

dyad  *  unrmo  ssn  nonO»/j  \ 


Teat  TSxlO3 


Chto^>*V» 
i Mot oh 


Material 

Treatment 

ISlRs 

..  fifll. . 

-Ppl„ 

-g_ 

Ft.  Lb 

Full  Hard  301 

Cold  Rolled  40* 

<3!Bc 

RT 

192 

165 

19 

33(3) 

-320°F  291 

182 

15 

33 

Full  Hard  201 

Cold  Soiled  40* 

43  Ro 

RT 

197 

173 

10 

34(3) 

-320°F 

256 

222 

9 

33 

Extra  Hard  301  Cold  Rolled  65* 

49  Rc 

RT 

252 

229 

3 

-320°F 

AM-350 

(SCT)  3  hr s.  at 

45Rc 

RT 

209 

183 

16 

40(3) 

-l00°F+3  hrs.at  850 

-320°F 

293 

253 

13 

6 

Extra  Hard 

3  hrs.at  -10C°F  +  51  Rc 

RT 

252 

252 

3 

24 

AH-350 

cold  rolled  + 

-320°F 

334 

332 

■’2 

10 

tempered 

Hardened  419 

1950°F,  AC+30  min. 52  Re 

RT 

275 

210 

12 

17 

at  100Q°F 

-320°F 

242 

237 

1 

3 

(1)  Samples  were  bald  7  1/2  hours  at  -320°?,  warmed  to  room  temperature,  and  then 
held  l/2  hour  at  temperature  before  testing. 

(2)  Impact  values  were  obtained  from  samples  made  of  three  pieces  .394"  x  2.168" 

x  .065*  welded  together.  Values  were  then  corrected  to  standard  thickness  of 
.394".  0 

(3)  Samples  were  not  held  at  -320  F  prior  to  testing. 
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FIGURE -16  MECHANICAL  PROPERTIES  OF  17-7PH 
1  1  'stainless  STEEL  SHEET  IN  THE 
;  t  TH-1050  CONDITION 


DATA"FR0M  VAPC  REPORT  TR  58-386 


Ductility,  per  cent. 
Modulus,  10®  psi 


Stress,  10  psi 


Ductility  ,  per  cent 
Modulus,  10s  psi 


P«€*  39 
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TABU  XV 


Test  Q 

Iapeot 

Raalatanca 

Larjperatura  i 

RT 

35 

Hsat  traat»ent  -  annaaled 

-40  . 

28 

1  hour  at  1750°F  air  cooled  - 

-100 

26 

3  hour*  at  -100°F,  2  How#  at 

-200 

21 

850°?  air  cool 

-300 

15 

-320 

15 
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FIGURE _ ^ _ RECIPROCATING  SEAM  FATIGUE  STRENGTH  OF  18~8S  STAINLESS 

STEEL  AT  VARIOUS  TEMP  ER  AT  U  RE  S-  P.-TA  FFOK  UAEC  RF.PCP.T  5.662* 
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Pnpo  /,) 

KMG-44 
HoH»1  7 

DATF'.j  8  Deecmbor  195^ 


TAFUV.  XVI 

Krivodok  and  Talbot 


PABI.E  IX.--EKKF.CT  OK  SHORT-TIME  AGING  ON  PROPERTIES  AT  ROOM  TEMPERATURE. 


Tiopor. 

YirM 

Teitiile 

Kbnp».^ 

Miitdtl 

Condition!  of  Rolling4 

Subiewueot  Hot  Tretlraent 

Iiorial 
Limit,  p't 

Strength, 

PM. 

Strength, 

mi 

in,  per- 
cent 

301..  .  . 

A>  received 

None 

18  (100 

34  000 

102  000 

72.0 

10%  il  R.T. 

None 

17  000 

78  an 

170  000 

44.3 

550  F — 24  h». 

21  OoO 

80  000 

II9  5U) 

46.$' 

10^4  »t  -105  F. 

None 

21  000 

84  OOO 

183  000 

32. 5 

550  F.-  24  hr. 

24  000 

86  000 

143  000 

40  0 

10%  »l  -3»  F. 

530  F.-24  hr. 

26  OW 

95  000 

155  000 

31 

JO%  *«  R.T- 

None 

21  000 

96  aw 

139  5m 

J2 

550  F  ■  24  hr. 

26  000 

117  DO) 

1 46  aw 

33 

20%  it -IMF. 

None 

22O00 

178  aw 

206  000 

18.5 

550  F.-24  hr. 

45  000 

159  000 

193  500 

IS  5 

2C%  it  -J20  F. 

None 

31000 

182  000 

2V>000 

10 

350  F  -24  hr. 

<2  000 

218000 

241  OW 

5.5 

10%  it  R.T. 

None 

32  000 

H6  000 

i  80  aw 

9 

550  K.-24  hr. 

33  000 

166  000 

I9i  aw 

8.3 

40%  «t  -I0J  F. 

None 

122  000 

273  aw 

3.5 

330  F.  -24  hr. 

157  000 

275  000 

276  000 

2 

40%  .1  -520  F. 

None 

163  000 

291  000 

295  aw 

3.3 

550  F.  -24  hr. 

236  aw 

308  OOO 

30>  OOO 

3 

60%  It  R.T. 

None 

15  000 

209  aw 

236  000 

3 

550  F.-24  hr. 

39  OoO 

216  OOO 

242  000 

2 

60%  it  -105  F. 

None 

172  000 

311  (WO 

318  WO 

'■) 

550  F.-J4  hr. 

18$  OOO 

31 1  aw 

316  000 

I.S 

302  .'i . 

A*  received 

None 

21  OW 

3i  aw 

90  000 

38 

II",  It -103  F. 

None 

26  000 

v  to) 

1  w  000 

26 

550  F  -  24  hr 

3!  OX) 

97  aw 

131  503 

27 

20%  »t  R.T. 

None 

30  000 

105  aw 

124  5<W 

27 

350  K. — 24  hr. 

33  OOO 

102  000 

121  000 

28.3 

20%  It  -J20  F. 

None 

27  aw 

124  (WO 

189  000 

15.5 

550  F  -24  hr. 

34  000 

14  3  000 

18/*  000 

11 

40%  «l  R.T. 

None 

46  OW 

141  OX) 

16?  500 

8.5 

350  F  -24  hr. 

48  aw 

155  WO 

172  000 

8.5 

40%  tt  -105  F. 

None 

49  000 

192  000 

225  two 

3  5 

330  F  -24  hr. 

6JOOO 

221  OOO 

236  000 

3.5 

40%  tt  -520  F. 

'  None 

32  ICO 

227  aw 

250  aw 

4 

530  F.-  24  hr. 

59  000 

255  000 

200  aw 

3  5 

607.  tl  R.T. 

None 

57  000 

166  000 

189  000 

3.5 

330  F.-24  hr. 

58  000 

182  000 

202  000 

3.3 

60%  it  -103  F. 

None 

75  000 

259  WO 

264  000 

1.5 

330  F.- 24  hr. 

97  000 

273  000 

280  (XX) 

l 

60%  it  -320  F. 

None 

W  000 

295  000 

299  COO 

1.5 

350  F.-24  hr. 

100  000 

>06  000 

to;  aw 

1  5 

304 . 

tO%  it  R.T. 

None 

JSOMO 

161  500 

192  000 

5.0 

350  F  -2  hr. 

68  (WO 

182  oa) 

200  500 

3.0 

60%  it  -320  K. 

No  ie 

57  500 

273  OOO 

271000 

1.5 

530  F. -2  hr. 

55  500 

286  OW 

297  '.WO 

1.3 

w . 

60%  it  R  T. 

None 

jj  aw 

m  ooo 

169  Oft) 

3  5 

*60  K  -1  hr. 

$6  500 

160  000 

177  OX) 

3  0 

60%  it  -  320  F. 

No. 

<4  $00 

202  000 

214  000 

3  0 

600  K  —1  r.r. 

32  500 

217  aw 

792  000 

2  0 

•  R.T.  •*  room  temperature. 


DATA  FROM  IfiTERNATIONAI.  NICKEL  COKP’.MT 


FIG  IT?  F  20 


1W«»  //, 

f  m~u. 

Mwlfil  7 

DAT".:  R  Doc'-ml-  r  1 


TAU*B  XV  .1.1 

Low  Temperature  Impact  Properties  of  Low  Carbon  3’/?%  and  5%  Nickel  Steels 


Type 

Chcmlc.il  Annlysis 

Impact,  Ft.  1.1)1  (Clinrpv.  Keyhole  Notch) 

%  c 

%  Mn 

%SI 

%NI 

%  Mo 

70°  F. 

-100°  F. 

-210°  F. 

-26S,’F. 

-200"  F. 

3 \i%  Ni.... 

0.0!) 

0.36 

0.13 

3.77 

56  to  58 

45  to  55 

29  to  33 

23  to  24 

2  to  8 

5%  Ni . 

0.09 

0.37 

0.13 

5.00 

,  ,  ,  , 

55  to  56 

47  to  53 

•  33 

25  to  29 

11  to  22 

5%  Ni.  .  .. 

0.03 

0.51 

0.18 

5.04 

•  .  •  • 

80  to  85 

74  to  75 

55  to  63 

48  to  58 

7  to  18 

21-j%  Ni  Mo 

0.09 

0.34 

0.11 

2.77 

0.31 

62  to  64 

55  to  58 

29  to  39 

12  to  13 

5 

‘ 5 %  Ni  Mo. 

0.09 

0.86 

0.22 

5.35 

0.34 

.... 

.... 

6 

*-m%Ni... 

0.14 

0.38 

0.25 

4.26 

.... 

.  . . 

22  to  24 

13  to  22 

7  to  15 

4  Commercial  melts. 


Tensile  Test  Rosolls  for  Experimental  ZVi%  and  5%  Nickel  Steels 


Steel 

Tensile 

Strcnp.th 

p.s.l. 

Yield  Point 
p  6.1. 

Proportion!)! 

Limit 

p.s.l. 

Elongation 
in  2  in.,  % 

Red.  of 
Area,  % 

DrincII 

0.09  C— 3.77  Ni . 

67,200 

53,500 

51,100 

37.0 

70.6 

133 

.09  C— 5.00  Ni . 

72,000 

59,600 

55,800 

36.5 

71.0 

147 

.03  C — 5.04  Ni . 

67,400 

58.200 

55,600 

40.0 

80.8 

140 

< 

Effect  of  Roheating  Temperature  on  the  Impact  Properties  of  0 Yz%  Nickel  Steel 

Treatment 

Chnrpy  Impact,  Ft.  Lbi. 

(Keyhole  Notch) 

Room  Temperature 

—320°  F. 

Double  normalized . 

nnrmnlizcd.  reheated  800°  F. ......  . . s’ . 1 . 

31  to  38 

32  to  34 

42  to  48 

49  to  51 

52  to  62 

73  to  84 

_ 

17  to  20 

6 

17  to  21 

26  to  29 

9  to  12 

31  to  38 

Double  normalized,  reheated  900°  F .  ' . 

Double  normalized,  reheated  1C5Q0  F» . 

Double  normalized,  reheated  1 1 50“  F . 

Double  normalized,  reheated  1050°  F.  and  redrawn  800°  F . 

DATA  FROM  INThRNATICNM.  K.'X-d  CCKiVNY 


Pnpn  45 
Em-44 
MorinJ  7 

DATE*  8  Df>c'“nbrr  1058 


Compoiltlon  and  Heal  Troalment  of  Sloe!*  Tested 


Type 

Site  of 

Chemical  Anatyfci 

Section 

Treated 

%C 

%  Mn 

%  Nl 

7o  C, 

Hrat  Trcjilmcnl(*F.) 

3^%NI 

1' rounds 

0.15 

0.45 

3.43 

*  _ 

1650  A.C.,  1450  A.C., 

1200  A.C. 

8H%NI 

•?  plate 

0.11 

0.26 

8.35 

— 

1650  A.C.,  1450  A.C., 

1050  A.C. 

18-8 

1* rounds 

0.06' 

— 

9.79 

17.87 

1800  Water  Quenched. 

A.C.~  Air  .Cooled.  *  c 

Charpy  Impact,  Ft.  Lb*.— Before  and  After  Exposure  to  Liquid  Nitrogen 

Condition! 

StO«l« 

SH%  Nickel 

8J4%  Nlrfctl 

18-8 

[No  aging,  no  chilling . 

60,57 

50,51 

80,90 

No  aging,  chilled  — 320°  F.. 

57,59 

43,44 

90, 91 

Tested 

Aged  6  mos.  at  70°  F., 

nt 

no  chillinc . 

56.62 

53,50 

96,97 

70°  F. 

Aged  6  mos.  at  —320°  F.. . . 

59,60 

42,43 

91,83 

Aged  12  mos.  nt  70°  F., 

no  chilling . 

63,56 

50,52 

93,92 

Aged  12  mos. at  —320°  F... 

57,58 

44,43 

89,83 

Tested  at 

-200°  F. 

Tested 

No  aging . 

11,  13* 

25,24 

72,73 

.it 

Aged  at  —320°  F.,  6  mos. . . 

15,22,  13* 

26.22,24 

72,74,75 

~320°F. 

Aged  nt  —320°  F.,  12  mos.. 

13,21,  21* 

23,23,23 

73, 77, 74 

'Tested  st  -200’  F. 

•  *  . 

Cheirpy  Impact,  Ft.  lb*.,  of  V/oldcd  Specimens 

Condition! 

Motorist 

8H%  NlcUt 

SH%  Nlcktl 

lA.ft 

welded  with 

whlcil  with 

23-20,  notched 

J5*20,  notched 

18-3.  notched 

In  wcl<J 

In  fusion  cone 

In  weld 

(No  nging,  no  chilling . 

24,  25 

28,39 

28,28 

No  aging,  chilled  —  320°  F.. 

27,30 

53,31 

31,33 

Tested 

Aged  6  mos.  at  70°  F., 

nt 

no  chilling . 

31,29 

36, 50 

26, 23 

70°  F. 

Aged  6  mo3.  at  — 320°  r .. . . 

25,30 

50,  29 

35,26 

Aged  1 2  mos.  at  70°  F., 

no  chilling . 

24,28 

46,42 

35,31 

Aged  12  mos.  at  —320°  F.., 

28,33 

35,40 

28,  29 

Tested 

(No  aging... . 

26, 19,27 

22, 50, 28 

18,18 

Rt 

Aged  —  J206  F.,  6  mos...  . 

20, ’16, 17 

2g,  20,32 

22,22,  17 

-320°  F. 

Aged  —320°  F.,  12  mos.... 

27,21, 18 

26,27,24 

22, 19,  17 

DATA  FROM  INTERNATIONAL  NICKEL 
COMPANY 


STRESS  (lOOO  psi) 


Model  7 
DATS:  8  Dec-'il  r 


I-itu  from  NBS  Heport  9024 , 


Figure  21,  Tonailo  and  Yield  Strength  of  Nickel. 


STRESS  (1000  psi 


,-*100 


IWo  48 
FK0-/.4 
Model  7 

!)/.'!  r ;  8  Dccfcinbfr  10r;8 


Tensile  Strength 
Yield  Strength 


data  fiiom  M’.r>  xkfoht  no.  5024,  Hi 

KHOiSCHOT  AND  Oil  AH  AM. 


0  -  NBS,  Mill  annealed 
A  "  Rosenberg,  Cola- drawn 
P  -  DeHaas,  Forged 
0  -  Colbeck,  Annealed 

n  -  White,  Ho,t  rolled _ 

50  log  150  200 

TEMPERATURE  °K 


Figure  23  Tensile  and  Yield  Strength  of  Monel, 


250  ■  300 


YW-Ui 
Koriol  7 

DATKt  8  Docf«il,-  r  1 


7 

IMTK;  8  Doci?i>ib(-f  J 


STRESS 


Motl/i )  7 

iJATJi;  >j  pi  c*  !*.'•  ]*i 


l/ATA  FROM  NI3S  liKj'ORT  J/i.  •,(>,/ 


Figure  27  Tensile  and  Yield  Strength  of  Inconel 


•ST* 


NICKEL 


\ 


I'.-i'f)  55 

i 

Mode]  7 


Condition 

Impact  Energy,  ft-lbs 

Specimen 

Reference 

300  -K 

1 9  5 0  J< 

80 "K  to  90 'K 

Annealed 

216 

235 

234 

Charpy- V 

While 

Annealed 

90 

92 

98 

Ir.od 

Colbcek 

Hot  Rolled 

1 9*3 

236 

227 

Charpy- V 

White 

Cold  Drawn 

185 

205 

210 

Cha  rpy-  V 

White 

Cold  Orawn 

204 

216 

— 

Charpy- V 

Rosenberg 

MONEL 


Condition 

Impact  Energy, 

ft -lbs 

Specimen 

Rcfc  fence 

300  °K 

195°K 

80°K  to  90°I< 

Annealed 

182 

178 

— 

Charpy- V 

Rosenberg 

Annealed 

216 

218 

212 

Charpy- V 

White 

Annealed 

90 

90 

97 

Izod 

Colbcek 

Hot  Rolled 

219 

213 

196 

Charpy-  V 

White 

Forged 

216 

— 

216 

Charpy- V 

Mud  go 

Cold  Drawn 

62 

•  63 

Charpy-K 

While 

"K"  MONEL 


Condition 

Impact  Energy,  ft-lbs 

Specimen 

Reference 

300  °K 

195°K 

80  °K  to  90°K 

Age  Hardened 

27 

zV 

— 

Charpy- V 

Rosenberg 

INCONEL 


Condition 

K-t 

1 

t.  Energy, 

ft-lbs 

Specimen 

Reference 

300  °K 

1 9  5 0  K 

80  “K  to  90  *K 

Annealed 

182 

178 

•  —  —  — 

Cha  rpy- V 

Rosenberg 

Annealed 

213 

— 

169 

Charpy- V 

Mud  gc 

Hot  Rolled 

236 

206 

187 

Chnf  py-  V 

White 

Cold  Drawn 

69 

-  -  - 

61 

Cha  rpy—V 

Mudgc 

Cold  Drawn 

53 

59 

— 

Charpy- V 

Rosenberg 

’i  ’.BIS  XI.X- Impact  Strength  of  Nickel  and  the  Nickel  Alloys. 

.  DATA  FROM  MRS  KKFORT  hvt.  f  b" 

KhOPSCHOT  AND  GnAP'M 


HARDNESS  ROCKWELL 


Model  7 
OATH i  8  H<'(, 


PERCENT  COLD  REDUCTION 

S  e  ./).  Effect  of  Cold  Work  on  the  Hard  non.-}  of  Nickel  and  the 
Nickel  Alloys  <  Reference  7,  8,  10. 


I 


Par  S'- 
KW'.-U 


Korlol  7 
DATr  :  <{  I-  o. 


('« 


Aa*  *  M.cli.nic.l  L'rop>rilt»  ofNlrl.l  Alloy.  .1  l.or  Tt<  \,t  uliirn 


• 

Condition 

V* 

Trnp. 

Yield  Strength 
9.2f  offaet 
pal. 

Tenal 

Strength 

ru. 

K)  on gallon 
i  In  7  In. 

Reduction 
of  Araa 
'1 

Mardnce* 

Rockwell 

Uurp/ 

lr.pt,«*t 

Sti  e  fifth 
ft,  -  lb. 

Hot-rolled 

Roon 

24,600 

65,600 

50.0 

- 

- 

V 

-11? 

27.500 

7  6.  400 

- 

- 

- 

- 

-hi 

20,000 

90,000 

- 

- 

- 

- 

•• 

-310 

- 

‘105,000 

51.0 

- 

- 

- 

Cold-drawn 

Koon 

97,400 

103,400 

16.5 

66.9 

19C 

- 

Nlckol 

•• 

-no 

101,000 

112,300 

21-5 

60.9 

22C 

- 

A«  cut 

Roon 

11,600 

64,  200 

75.0 

99.0 

111  OK* 

35 

•• 

-no 

- 

- 

- 

- 

- 

97 

-210 

- 

- 

- 

41 

H 

-3?o 

- 

- 

- 

-  * 

- 

)tf 

Weld  neUl 

Roon 

- 

- 

- 

- 

40 

•• 

-  *50 

- 

- 

- 

- 

- 

15 

Annealed 

Roon 

91,900 

70,650 

51.5 

75.0 

- 

~ uw-/rc~ 

" 

-297 

49,500 

115,250 

49.5 

73.9 

- 

104-212 

Forced 

Roon 

67,000 

02,000 

51.0 

li.l 

- 

7)6 

•• 

-191 

91,500 

17R, 290 

44.  5 

71.  l! 

716 

H 

-429 

96, 400 

142,000 

9B.5 

65.0 

- 

- 

Cold-drawn 

Roon 

91.700 

103,000 

19.0 

71.0 

19C 

101 

" 

-no 

100,050 

117.45c 

71.0 

lo.  1 

75C 

17« 

Cold-drawn,  annealed 

Roon  • 

29.900 

01,100 

46. 1 

74.0 

- 

- 

Hon.l 

M 

-112  , 

96, 750 

95,900 

49.5 

77.2 

- 

- 

M 

-i?) , 

52,300 

120,400 

51.4 

71.0 

- 

- 

H 

-423 

65, 400 

195. 100 

jfl.  1 

67.7 

- 

- 

Aa  oa«t 

Ho  am, 

17,619 

79.000 

95.  a 

61.) 

- 

74 

N 

}3 

22,250 

a  1,5-00 

36.9 

64.8 

- 

91 

*• 

-40 

59,500 

06,650 

35.7 

67.4 

- 

- 

n 

-112 

56,150 

09,600 

36.5 

67.5 

- 

- 

H 

-9lo 

- 

•  - 

- 

- 

- 

91 

Weld  netal 

Boon 

- 

- 

- 

- 

- 

70 

H 

-910 

- 

- 

- 

- 

- 

73 

Aa  cast 

Koon 

64,900 

109,660 

57T5 

f57J 

I5TT511H" 

3u 

H 

a 

- 

- 

- 

- 

- 

50 

"H"  Hanoi 

-no 

- 

- 

- 

- 

- 

54 

-210 

_ 

- 

- 

' 

- 

49 

•• 

-MO 

_  . 

_ 

- 

- 

40 

Aa  caat 

Roon 

116,700 

147,700 

J 

7 

)6C 

5 

MSM  Mor.el 

M 

-no 

- 

- 

- 

- 

- 

5 

fl 

-210 

- 

- 

- 

- 

- 

5 

N 

- 

- 

- 

- 

- 

5 

Cold-drawn,  atfe-hardened 

Roon 

125.900 

i577iro 

15.5 

97-4 

))C 

27 

N 

-no 

1)4,600 

171.  w 

17-3 

41,  1 

)6c 

27 

Annealed 

Roon* 

50,000 

100,000 

20.0 

60.  c 

- 

- 

ft 

-300 

53,950 

124,400 

55-0 

66.0 

- 

- 

Annealed,  atfe-hardened 

Roon* 

100,000 

140,000 

25.0 

40.0 

- 

- 

" 

-300 

112,400 

177,190 

'9.0 

5?.  l 

- 

- 

Hot-flnlahed 

Roon* 

50,000 

110,000 

4^.0 

60.0 

- 

- 

i* 

-300 

61,000 

132,900 

•>'/.  0 

73.0 

- 

- 

Monel 

Hot-f 1 nlahed,  atfe-hardened 

Roon* 

1 10,000 

150,000 

25.0 

40.0 

- 

- 

it 

-300 

130,400 

191,950 

39.  5 

*?,  1 

- 

- 

Cold-drawn 

Roon* 

90,000 

120,000 

,v>.  0 

>.J.0 

- 

- 

•i 

-300 

190.690 

150,500 

90.5 

55.0 

- 

- 

Cold-drawn,  »<*-hardened 

Roon* 

170,000 

160,000 

70.0 

35.0 

- 

- 

f 

-500 

160,100 

207,000 

11. 0 

47.3 

- 

- 

Welded 

Roon* 

45,000 

95,600 

25.0 

30.0 

- 

- 

» 

-300 

67,000 

1 26, nno 

79.0* 

91.4 

- 

- 

Welded,  atfe-hardened 

Boon* 

90,000 

125,0('0 

10.0 

20.0 

- 

- 

»• 

-900. 

1 10, 100 

159,000 

l).o* 

27.3 

- 

- 

Annealed 

Room 

36,000 

93.WO 

17. 5' 

64. 1 

020 

230 

" 

-no 

42,400 

106,450 

39. a 

64.0 

87P 

206 

tt 

-910 

_ 

- 

- 

- 

- 

M 

Cold-drawn 

Roon 

147,700 

197,  2 1*0 

7  0 

49.  5 

)!C 

69 

J  M 

-no 

134,900 

l65,9"» 

9.0 

31.  2 

)6C 

- 

"  »• 

-510 

- 

- 

- 

1 

- 

61  (31 

X 

Roon 

- 

145,000 

10.0 

55.1 

“ 

- 

Jnccnel 

" 

-515 

1 

ia?,’)oo 

10.0 

49.5 

- 

- 

Hot-rollad 

Roon 

- 

B7,<oo 
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DATA  FROM  KAISKR  ALUMINUM  COMPANY 
ALUMINUM-MAGNESIUM  WELDABLE  ALLOYS  * 


Alloy 

Min.  Tensile 

Min.  Yield 

A.S.M.E.  Design  Stress 

%  Mg . 

5154 

30,000 

11,000 

7,500 

4.0 

5086 

35,000 

14,000 

8,750 

4.5 

5083 

40,000 

18,000 

10,000 

4.9 

5456  *.* 

42,000 

19,000 

10,500  '  • 

5.5 

*  Upper  limit  for  all  these  alloys  150°F  due  to  stress  corrosion  considera¬ 
tions. 

**  Desirable  to  stress  relieve  or  anneal  if  forming  is  involved. 


SPECIFICATION  PROPERTIES 
Comparison  Chart  for  O,  H32,  H34,.  H36  and  H38  Tempers 

Sheet  lc  Plate 


Tensile  Yield  _ _ %  Elongation 


Alloy  Jk 
Temper 

Strength 
psi  min 

Strength 
psi  min 

.020- 

.050 

.051- 

.113 

.114- 

.161 

.162- 

.249 

.250- 

.500 

.501- 

1.000 

1.001 

2.000 

5083-0 

40,000 

18,000 

(to-. 750) 

16 

5083-0 

38,000 

16,000 

(.750-2.000) 

16 

16 

5086-0 

35,000 

14,000 

15 

18 

18 

18 

14 

14 

14 

5154-0 

30,000 

ir,ooo 

12-14 

16 

18 

18 

18 

18 

18 

5356-0 

39,000 

16,000 

17 

17 

17 

5456-0 

42,000 

19,000 

.16 

16 

16 

5086-H32 

40,000' 

28,000 

6 

8 

8 

8 

12 

12 

12 

5154-H32 

36,000 

26,000 

5 

8 

8 

8 

12 

12 

12 

5086-H34 

44,000 

34,000 

5 

6 

6 

6 

10 

10 

10 

5154-H34 

39,000 

29,000 

4 

6 

6 

7 

10 

10 

5086-H36 

47,000 

38,000 

4 

6 

6  (to 

.125) 

5154-H36 

42,000 

32,000 

3 

4 

5 

5154-H38 

45,000 

35,000 

3 

4 

5 
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SPECIFICATION  PROPERTIES 


Comparison 

Chart  for 

HI  12,  HI  13, 

and  H321 

Tempers 

Plate 

I 

Tensile 

Yield 

%  Elongation 

Alloy  ft. 
Temper 

Strength 
psi  min 

Strength 
psi  min 

0.250- 

.500 

.501- 

1.000 

1.001- 

2.000 

2.001- 

3.000 

5086-H1 12 
5086-H1 12 
5086-H1 12 
5086-H1 12 

36,000 

35,000 

35,000 

34,000 

18,000 

16,000 

14,000 

14,00.0 

8 

10 

.14 

14 

5154-H1 12 

30,000 

11,000 

8 

8 

8 

8 

1 

5356-H1 12 
5356-H1 12 
5356-H1 12 

40,000 

38,000 

38,000 

22,000 

20,000 

16,000 

10 

12 

12 

t 

12 

5083-H1 13 

44,000 

31,000 

12 

12 

12 

5356-H321 

42,000 

26,000 

12 

12 

12'  ' 

12 

5456-K321 

46,000 

33,000 

12 

12 

12  ’ 

Data  from  K*iger  Aluminum  Comoeny. 
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00  / 


?apo  60 
EKG-44 
Model  7 

DATE:  8  December  I05& 


508  3  ALLOY 
TABLE  XXI 71 

Mechafiical  Property  Limits  -  Plate 


Temper  Thickness 


Tensile  Strength 


Yield  -Strength* 


Elongation 
in  2" 


(inches) 

Minimum 

(psi) 

Maximum 

(psi) 

Minimum 

(psi)“ 

Maximum^ 

(psi) 

Minimum 

(%) 

o  *■ ' 

0.250  -  0.750 

40,000 

18', 000 

16 

0.751  -  1.500' 

38,000 

t 

16,000 

— 

16 

H113 

0.250  -  2.000 

44,000 

51,000 

31,000 

41,000 

12 

*  At  0.2  percent  offset. 


Mechanical  Property  Limits  -  Extruded  Shapes 


HI  12 


40j000  —  24,000 

Typical  Mechanical  Properties 


Temper 

Ultimate 

Strength 

(psi) 

Yield 

Strength 

c 

(psi) 

Elongation 
in  2" 

(%)• 

Ultimate 

Shearing 

Strength 

(psi) 

Endurance 

Limit 

(psi) 

Modulus 

of 

Elasticity 

(psi) 

0  * 

,42,000 

1  <  * 

22,000 

21 

25y000 

►— 

© 

• 

W 

X 

H- 

o 

O" 

Hi  13  * 

46,000 

i 

33, p00‘ 

16 

23,000 

10.3  x  106 

*  Typical  values  for  plate  only. 


Physical  Properties 


0  Temper 


Density  (lbs/cu.in.) . 096  (Ibs/cu.ft.)  166 

Melting  Range  .  .  . . .  1065  -  1180°  F 

Specific  Gravity . 2.66 

Thermal  Conductivity  {CGS  units)  ........  ,28j  (English  units)  810 

Electrical  conductivity  •{%  1ACS  equal  vol.).  .  .  29;  (Equal  weight)  98 

Electrical  resistivity  (Microhms-Cm) . 5.9;  (Ohms -Mil, Ft.)  36 


Data  from  Kaiser  Aluminum  Company 


4 


54  56  ALLOY 


Pape  61 
EP.G-A4 
Model  7 

DATF?  3  December  lot3 


TAB]?  XXIV 

Mechanical  Property  Limits  -  Plate 


Alloy  and 
Temper 

Thickness 

Inches 

Tensile  Strength 
psi 

Min.  Max. 

Yield  Strength 
psi 

Min.  Max. 

Elongation 
in  2" 

%  Min. 

5456-0 

0.250  - 

2.000 

‘•42,0'00 

53,000 

19,000  30,000 

16 

5456-H321 

0.250  — 

0.624 

46,000 

59,000 

33,000  43,000 

12 

0.625  - 

1.250 

46,000 

56,000 

33,000  43,000 

12 

1.251  - 

2.000 

44,000 

4  ‘  * 

o 

56,000 

31,000  43,000 

V 

12 

Mechanical  Property  Limits  -  Extrusions  8t  Rolled  Structural  Shapes 


5456-0 

Up  thru  5" 

(32  sq.in.) 

42,000 

•  l 

•* — 

19,000 

16 

5456 -HI  12  . 

Up  thru  5" 

(32  sq.in.) 

42,000 

i 

— 

19,000 

12 

5456-H31 1 

Up  thru  5" 

(32  sq.in.) 

42,000  ’ 

--- 

25r,000‘i  — 

12 

Typical  Mechanical  Properties 


Alloy  and 
Temper 

Tensile  Strength 
psi 

Ultimate  Yield 

Elojngation  * 
%  in  2" 
1/16"  Thick 
Specimen 

rdness 
500  Kg  Load 
10  mm  Ball 

Shear 

Ultimate 

Shearing 

Strength 

psi 

Modulus 

of 

Elasticity. 

psi 

5456-0 

45,000 

23,000 

24 

10.3  x  IQ6 

5456-H321 

51,000 

37,000 

16 

90 

30,000 

10.3  x  10*> 

5456-H112 

45,000 

24,000 

22 

_  _  _ 

10.3  x  106 

5456-H311 

47,000 

33,000 

18 

- - 

- - 

10.3  x  106 

Typical  Physical  Properties 

Density . 096  lbs/cu.in. 

Density . .  ,  166  lbs/cu.ft. 

Specific  Gravity .  2.65 

Average  Coefficient  of  Thermal  Expansion  ....  13.4 

Melting  Range . 1060  -  1180°F 


Data  from  Kaiser  Aluminum  Company 


Pare  63 
E  m-u 
Model  7 

DATE:  8  December  1^58 


..  TABIE  XXVI 
5456  ALLOY  PLATE 


,)■  .  «  • 

Chemical  Composition 

— ~  — .  .  I  n  *  1  • 

Percent  GOVERNMENT  AND  TECHNICAL 


Min'. 

Max. 

SOCIETY  SPECIFICATIONS 

Magnesium 

"  1 

4.7 

5.5 

MlL-A-19842  (Ships) 

Chromium 

0.05 

0.20 

Manganese 

.50 

1.00 

Titanium 

— ' 

.10 

ASME  Case  No.  1248 

Copper 

.05 

.20 

Zinc 

.25 

Iron  +  Silicon 

--- 

.40 

Beryllium 

— 

.0005 

Others,  each 

.05 

Others,  total 

— 

:j‘5  •;  • 

Aluminum  Remainder 


Mechanical  Properties 


Temper 

Thickness 

in. 

Tensile 

Strength 

psi-min-max 

Yield 

Strength  * 
psi-min-max 

Elongation 
%  in  2" 
(min) 

-0 

0.250-2,000 

42,000 

i. 

19,000 

16 

-H321 

.250-0.624 

46,000-59,000 

33,000-43,000 

12 

.625-1.250 

46,000-56,000 

33,000-43,000 

12 

1.251-2.000 

44,000-56,000 

31,000-43,000 

12 

* 

At  .02%  offset 

Data  from  Kaicer  M-jminuir.  Company. 
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Pare  64 
EMG-A4 
Mode 1  7 

DATE:  8  December  1958 


5083  ALLOY  EXTRUSIONS 


TABUS  XXVII 

Chemical  Composition 


Percent  GOVERNMENT  AND  TECHNICAL 


Min. 

Max. 

SOCIETY  SPECIFICATIONS 

Silicon 

0.40 

'  * 

Iron 

0.40 

MIL-A-19005  (SHIPS) 

Copper 

0.10 

■  /  > 

Manganese 

0.3 

1.0 

Magnesium 

4.0 

4.9 

Chromium 

0.25 

Zinc 

■  0.25 

Titanium 

0.15 

Others,  each 

0.05 

Others,  total 

0.15 

, 

Aluminum 

Remainder 

,  ,  , 

Mechanical 

Properties 

f 

Temper 

Thickness 

(in.) 

Tensile 

Strength 

psi-min 

Yield 

Strength 

psi-min 

%  Elongation  in  2" 
or, 

4  x  diameter  (min) 

-HI  12 

All 

40,000 

24,000 

12  ' 

Data  from  Kaiser  Aluminum  Cornua ny 


\ 


Pape  65 
KMC— 44 
Mortal  7 

DAT?;  8  December  W8 


Percent 


Min. 

Max. 

Silicon 

0.40 

Iron 

0.50 

Copper 

0.10 

Manganese 

0.20 

0.70 

Magnesium 

3.5 

4.5 

Chromium 

0.25 

Zinc 

0.25 

Others,  each 

0.05 

Others,  total 

0.15 

Aluminum 

Remainder 

GOVERNMENT  AND  TECHNICAL 
SOCIETY  SPECIFICATIONS 

MIL-A- 19070  (SHIPS) 

ASTM  B  178-55T 
B  209-55T 

ASME  Case  No.  1222 


♦  «*'.  *  '  » 


Temper 

Thickness 
(in.)  • 

Tensile  Strength 

Min,  Max. 

Yield  ■ 
Strength  * 
psi-min 

%■.  Elongation 
!  in  2" 
(min) 

-0 

Less  than  0.051 

35,000 

42,000 

14,000 

15 

0.051-0.249,  incl. 

35,000 

42,000 

14,000 

18 

0.250-2.000,  incl. 

■  35,000 

.  42,000 

14,000 

14 

-H32 

Less  than  0.051 

*  » 

40,000 

28,000 

6 

0.051-0.249,  incl. 

40,000 

—  — - 

28,000 

8 

0.250-2.000,  incl. 

40,000 

—  ~ 

28,000 

12 

-H34 

Less  than  0.051 

44,000 

34,000 

5 

0.051-0.249,  incl. 

44,000 

— 

34,000 

6 

0.250-2.000,  incl. 

44,000 

— 

34,000 

10 

-H36 

Less  than  0.051 

47,000 

M  w  a. 

38,000 

4 

0.051-0.125,  incl. 

.47,000 

— 

38,000 

6 

-HI  12 

0.250-0.500,  incl. 

36,000 

_  a. 

18,000 

8 

0.501-1.000,  incl. 

35,000 

16,000 

10 

1.001-2.000,  incl. 

35,000 

-  -  - 

14,000 

14 

2.001-3.000,  incl. 

34,000 

— 

14,000 

14 

*  At  0.2  percent  offset 


Date  from  Kaiser  A’uminrr  Company 


Pape  66- 
EMO-4/, 


TAB  IP.  XXIX  Model  7 

Dote :  8  December  1958 

•  WELDED  PROPERTIES  OF  5086  AND  5083  WITH  VARIOUS 
ALUMINUM  MAGNESIUM  FILLER  WIRES 


Average  Mechanical  Properties  of  5083-H113 
MIG  Welded  With  Various  Filler  Alloys 

Transverse  Tensile  Data 

i  * 


Filler 

Alloy 

Ultimate 

psi 

Yield 
‘  psi 

Elongation 

Average 

,  % 
Range 

5254 

36,500 

21,300 

'  13.5 

- 

5154 

37,500 

19,800 

14.4 

11-18 

5356 

40,100 

21,300' 

16.5 

5-20 

5456 

43,200 

21,000 

1 7. 6 1 

i 

5-21 

5183 

43,800 

2-1,800: 

15.7 

13-21 

/ 


• 

Average  Mechanical  Properties  of  5086-H112 

MIG  Welded  With  Various  Filler  Alloys 

'  Transverse 

Tensile  Data 

t 

Filler 

Alloy 

Ultimate 
psi  '• 

X>el4  . 

psi 

Elongation,  % 
Average  ,  Range 

5154 

35,500 

•  % 

14,000 

15.0  ‘  9-16 

5356 

36,800 

’  1-7,700  ! 

18.2  1  >15-24 

5183 

39,100  '  < 

16,600  . 

21.5  .  .18-24 

1  .  4 


Aiuminum-MagriesiCpi  /Uloy’  Filler  Wires 


Filler 

Nominal 

Chemical  Composition, 

Per  Cent 

Alloy 

Si 

■*  *  FE 

Cu 

Mn 

Mg 

Cr 

_  '  f 

•  Zn 

Ti 

Others 

5154 

0.45 

.  0.45 

0.10 

0.10 

3.5 

0.27 

0.20 

0.20 

0.15 

5254 

0.40 

total 

0.05 

0.01 

3.5 

0.27 

0.20 

0.05 

..  0.15 

5356 

0.40 

total 

0.15 

0,15'  ■ 

4.8  ■ 

■*  0.27 

0.10 

'0.15 

0.15 

5183 

0.40 

0.40 

0.10 

0.7,5 

4.8 

0.25 

0.25 

0.15 

0.15 

5456 

0.40 

total 

0.15 

0.475  ■■ 

5.2 

0.27 

0.25 

0.10 

0.15 

Data  from  .\aiser  Aluuiir.um  Company 


tablf  XXX 

MINIMUM  BEND  RADII  FOR  90° 


Pa? rr  67 
EM5~A4 
Hods!  7 

DATE:  8  December  W, 
COLD  BENDS 


Temper 

Gauge 

» 

Bend  Factor 

5083: 

-0 

Less  than 

.051  * 

IT 

.051  - 

.249- 

1-1/2T 

”  .250  - 

.499 

1-1/2T 

5  .500  - 

1.000' 

2T 

1.001  - 

1.500 

2-1/2T 

-HI  13 

.125  - 

.499 

1-1/2T 

.500  - 

.750 

2T 

* 

.751  - 

1.Q00 

.  2-1/2T 

.  , 

1.001  - 

O 

2.006 

3T 

5086: 

-0 

Lees  than 

.0,5 1 

0T 

.051  -  ' 

.249  ' 

1/2T 

.250  - 

.499 

IT 

.500  - 

.750 

2T 

;  -H32 

Less  than 

.051’ 

1/2T 

( 

.051*- 

.124 

IT  , 

.  .125  - 

.249 

“  1-1/2T 

.250  - 

.499  / 

zh 

-H34 

Less  than 

.051 

IT 

,  t  »  • 

.051  - 

.124 

1-1/2 

’  .  1*25  - 

.249 

2T 

-H36 

.‘.Less  than’ i 051 

1-1/2T 

.051  - 

'•'124 

2T 

t  •  * 

.125  - 

.249 

2-1/2T 

-HI  12 

Less  than 

.051 

IT 

.051  - 

.249  V 

1-1/2T 

>  ■ 

.250  - 

.499 

1-1/2T 

.500  - 

.750 

2T 

5456: 


Thickness, 

Temper  in. 


Axis 


of  Bend 


Minimum  90°  Radius, 
in. 


-0  1.250  With  grain 

-H321  1.250  Cross  grain 


2.500 

3.125 


Note: 


Hot  forming  at  a  temperature  of  450°  it  250°F.  is  recommended 
for  severe  forming  operations. 


Data  from  Kaiser  A) 


imi:  am  C3||j f.jiy. 

'HF.  ■ 


Pao<?  68 
KK 0-/,/ 

Mocio  ^  7 

DATF :  8  Do comber  1958 


Page  69 
Mortal  7 
EMG-AV, 

DATE:  8  December  1^'iB 


*  •  »  * 

Mechanical  Properties  of  3/4-lnch  5083 

v-  Plat6  and  Welds  as  Affected  by  Temperature 


i 

J 


Specimen  Temper  or 
Material 

Test 

Temperature 

Ult.  Str. 
psi 

Yield  Str. 
psi 

%  Elongation 
in  4" 

0  .  V 

75F 

48,500 

i  , 

24,100 

20 

75F 

‘48,400 

24,000 

21 

*  K 

150F 

.  ,48;  300 

23,900 

17 

150F 

48,600 

23,900 

16 

HI  13  ’• 

75F 

50,600 

37,000  i. 

18 

75F 

50,900'.  u 

38,100 

'  17 

f 

‘  150F  '  '< 

52, i Q0 

36,850 

15 

‘  15GF  ’ 

■  52,100 

37,400 

15 

0 

75F 

'47,700  ** 

23,800 

20 

75F 

47,100 

23,700  • 

19 

-320F 

68,100 

27,200 

'  '  •  '35 

-320F 

68,100 

27,200  ‘ 

36 

HI  1 3 

’  75F 

49,800 

36,000 

18 

« 

75F 

49,700 

35,700,  . 

18 

-320F 

68,300 

40,700 

30 

1 

-320F 

68^00 

'1,200  '  ’ 

31 

MIG  Welds  in  HI  13  Plate 

75F 

45,500 

22,100' 

20 

Using  5183  Filler  Wire 

75F 

45,800 

21,900 

.18 

t^20F,-;. 

64,80.0  ! 

25,700 

24 

i 

-320F 

64,400 

25,300 

23 

MIG  Welds  in  HI  13  Plate 

75F 

44,800 

22,000 

21 

Using  5183  Filler  Wire 

75F 

44,600 

22,300 

21  . 

-320F 

61,100 

24,800 

'  21 

.  ■ 

-320F 

;59,700-  ' 

24,700. 

.  •  19 

Data  frora  Kaiser  Aluminum  Company 


Temp,  Alloy 


50500 


Tensile  Yield 

Strength,  Strength^ 
psi  PSI 


S050-H34 


5050-H38 


W2-0 


^Oc2-F 


5052- H32 


21  500 

22  SCO 

23  8c-0 
37  too 

31  000 
31  3oo 
.33  cOC 
46  7C0 

35  700 

36  200 

37  900 

50  200 

29  TOO 
2-9  200 

30  600 
44  800 

26  100 


7  QOO 
7  600 
o  4oo 
9  500 

25  500 
25  4oo 
2b  300 
31  000 

31-  4oo 

31  4oo 

32  200 
38  300 

l4  300 
l4  4oo 
l4  300 
l6  800 

9  4 00' 


42  4 00,.  11  100 


32  200 
32  900 
34  300 
so  700 


-C  8jC 

4o  700 


24  4oo 
24  100 
24  300 
28  4oo 

31  200 

30  coo 

31  80c 
37  10c 


Elong.  Red.  or 
in  4o,  Area , 


18.2 
18.S 
21  -5 
29.8 

15.1 

15.0 

n-5 

26.3 

33*2 

35.  § 

40.8 

50.0 


49.0 

21.7 
22.9 
26.3 

37.7 

12-*! 

it. 6 

21 .0 


c  C  7  EQUALS  0.2  PER  CENT. 

These  valles  are  cons i deraslv  higher 


RESULTS  OF 


|  ’Tensile 
Alloy  *  Strength/ 


78 


5052- 


H38  r4o 
.  ,4o 


68. 

^3  ! 


51 54-c 


5154-4 


5154-1- 


5154-f 


x5454-( 


900 
tioo 
300 
.300  , 


43. 

t  cA 


X5454-H32  {  42 

M  *1 

i  T 

* 


THAN  TYPICAL  P  OR 


ALLOT/ AND  TEMP 


’ERATURES 


t; 3  lie  VlCLD 
PEN G  T H ,  STRC  NGTH , 


'  ■ 


PS  I ; 

~  /l  ~~ 

x6  6ob 
36J4cfo 
37  TO0 
52  4qo,._ 

43  360 
45  260 
Xo  900 
64  4  00 

45  4oo 
45  700 
47  000 
62  900 

49  800 
51  000 
32  1 00 
67  800 

42-100 
42  800 

S  $ 

46  300 
,46  600 

47  500 
63  900 

53  200 

53  W 
r«~  roo 
73  4 00 


16  00c 

1 6  600 
15  600 

17  000 

31  100 

31  4  00 

32  200 
37  300 

21  800 

21  000 
21  200 
23  800 

4o  800 

33  700 

42  200 
48  4oo 

5Q  200 
19  400 
19  70C 

22  200 

32  000 
32  100 
32  600 
37  100 

4o  100 

40  4oo 

41  200 
4?  100 


Euong .  Red.  or 
li)  4d>  Area, 


18.0 

8:8 


50 

18.0 

19.0 

25.0 


RO.O 

J31  *5 


*24.0 

24.0 

27.0 

34.° 

16.5 

18.7 
!  21:0 
i  27-3 


Tensile  Yield 

Alloy  Strength,  Strength, 

1  psi  ps 1 


5056-O 


5056-H32 


5056-H34 


5056-H38 


*456-0 


5456-11321 


44  900 
;44  100 

43  900 
61  200 

4g  000 
,48  000 
!48  900 

166  000 
► 

55  300 

54  200 

55  200 

i'73  300 

1 

57  000 

m  ko° 

50  loo 

75  900 

■  50  800 
49  900 
■bo  700 
66  oop 

55  000 
57  600 
57  500 
j74  100 


24  700 
£3  200 
!23  300 

2b  900 

33  300 


4o  600 

40  boo 

41  200 
46  200 

42  4oo 

43  4oo 

44  500 
50  200 

24  100 
23  700 
2b  000 
26  800 

38  200 

39  600 
39  200 

45  4oo 


'P*ge  70 

-ifeiV— - 

Elong.  Red.  or 
in  4d,  .Area, 


m 

36.6 

46.9 

23.0 
24.0 
27.0 
3». 0 

18.0 

20.0 

22.5 


17.0 

18.7 

21-3 

28.0 

20.0 

22.5 
25v5 
30.0 

12.0 

13.5 

17.0 

22.5 


Mcchamical  Testing  Dmsio 
Alcoa  Research  la20Rato<ie 
Ne  w  KE  ns  1  ngtoi:  ,  Ra  . 

TESRUARY  10,  1 95'- 


& 


Stress,  10  psi 


Pa/rc  71 
EMG-44 
Model  7 

DATE:  a  December  *051 


WA-m^LUm.. REPORT  NO.  TR 53-3 86 


FIGURE  3d-  MECHANICAL  PROPERTIES  OF  7079-T6 
ALUMINUM -ALLOY  BILLET 


Ductility, per  cent 
Modulus,  106psi 
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EMG-44 
Model  7 
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CONVAIR  A  DIVISION  Or 
GINSRAL  OVNAMICS  CORPORATION 


(average  of  two  testa] 


Dir action 
of  Teat 

field 

Strength 

DSi 

Tenai].e 

Strength 

D*i 

% 

Eloag, 

% 

R.  A. 

V-Notch  Ch/iTwr 

+7o°?  -32(ry 

Long. 

128,500 

137,500 

17.8 

44 

18.3 

13.0 

Trans. 

127,750 

139,500 

15.7 

43.5 

12.3 

9.0 

Bast  Treated > 

(172 5°F,  1  hr.,  HQ-1050°F, 
(average  of  2  teats) 

2  hra«,  air  ocol) 

Long. 

145,750 

162,500 

20.0 

54.4 

16.8 

12.3 

Trans. 

151,500 

165,250 

17.1 

56.7 

12.4 

8.5 

last-  .Tift. 

*70° 

470° 

-320° 

-320° 


V-Hotch  C harpy 


137,000 

156,100 

16.2 

52.6 

17.7 

138.100 

153,300 

16.2 

45.1 

15.0 

228,700 

236,400 

11.1 

36.4 

10.0 

237,800 

244,100 

11.8 

27.5 

9.0 

*  Doubla  width  (0.788s),  half  thickness  (0.197s),  with  standard  V-notch,  but 
dapth  of  notoh. 


roRM  *.*|T  l 


^  CONVAIR 
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CCNVAIR  A  DIVISION  Of 
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PREPARED 

CHECKED 

REVISED 


PAGE  80 

REPORT  NO.  ElG-44 
MODEL  7 

DATE i  8  December  1958 


iW l 

longitudinal  teats  from  1/4*  thick  plate, 
1425°F,  1  hour  in  furnace  -  air  cooled. 
2.7Cr. 

Heat  R-11730}  samples  mill  annealed  at 
Chemiatry  -  .0310,  .010N2,  4.90A1,  1.05Fe, 

Teat 

Temp. 

Held 

Strength 

0,2%  Offset 
_ gel _ 

Tensile 

Strength 

DSi  (1) 

% 

Blong. 

% 

R.  A. 

V-Hotch 

Charpy 

Impact 

Ft.  Lbs. (2) 

+70° 

147,700 

156,600 

15.5 

45.1 

30 

+70° 

147,100 

158,300 

17.7 

43.3 

25 

+70° 

147,600 

158,800 

r  17.7 

49*4 

+70° 

147,100 

157,400 

13.3 

41.6 

+70° 

w*m 

u&m 

Ola a 

22*2 

Average 

147,300 

157,900 

15.9 

43.6 

27.5 

-320°? 

236,500 

244,000 

11.1 

19.5 

6.8 

-320°F 

244.200 

15*1 

22*2 

2*2, 

Average 

234,700 

244,100 

13.1 

18.8 

747 

ROTES i 

(1)  Tensile  test  specimens  were  0.113*  diameter  round  shank,  with  0,45*  gage 
length. 

(2)  V-notch  Charpy  specimens  were  twice  standard  width  (0.788*),  %  standard 
thickness  (0.197*)  and  •£■  standard  notch  depth  (0.039*),  but  with  standard 
notch  contour. 
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TABLE  mVIII 

ADDITIOKAL  DATA  ON  HILL  AMEALED  RS-140  TITASIUH  ALLOT 


lent  .TweiretuM 

Held  Strength 
0*2*  Offset 

Tensile  Strength 
. .  POi 

* 

Eloag. 

* 

R.  A . 

Room  Tempo rature 

151,200 

160,200 

13.3 

44 

Room  Temperature 

146,700 

156,700 

17.7 

37.7 

Room  Temperature 

150,200 

160,600 

15.5 

47.5 

-320° 

232,300 

243,700 

13.3 

25.3 

-320° 

232,000 

242,200 

13-3 

23.7 

-320° 

233,800 

243,900 

13.3 

37.4 

-320° 

232,600 

244,000 

13.3 

36.0 

•320° 

231,700 

241,700 

13.3 

32.3 
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(1)  Tensile  teat  specimens  were  0.160"  diaseter  round  shank,  with  0.64"  gage  length. 

(2)  V-Botch  Charpy  specimens  were  twice  standard  width  (0.788"),  if  standard  thickness 
(0.197"),  and  £  standard  notch  depth  (0.039"),  bdt  with  standard  notch  contour. 
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FIGURE  37.  MECHANICAL  PRO^ERTIEJ?  OF  6A1-4V 
!  TITANIUM -ALLOY  SHEET 

t 

'  DATA  FRW  WADC  RETORT  58-386 

I 


Ductility,  percent 
Modulus,  IOSpsi 


Stress,  10  psi 


f’-ipn  84 
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FIGURE  38.  MECHANICAL  PROPERTIES  OF  A110AT 
TITANIUM -ALLOY  SHEET 


DATA  FROM  WADC  REPORT  58-386 


Ductility,  percent 
Modulus,  106psi 


Stress, 10  psi 


7 

HA'fE :  8  Dncoinl'  r  P'iB 


ensile  strength'1 


Breaking  strength 

v/  1  1 

/Notched  tensile  strength 

_/\i _ I _ 

/ 

Yield  strength' 


/Modulus' 


Reduction  of  area 


Elongofion 


Testing  Temperature,  C 
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FIGURE  39.  MECHANICAL  PROPERTIES  OF  CliOM 
TITANIUM-ALLOY  SHEET 

DATA  FROM  WADC  Hi-  FORT  5S-3Bf> 


Ductility,  per  cent 
Modulus,  I06psi 
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FIGURE  »4*MECHANICAL  PROPERTIES  OF  EXTRUDED 
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temperature  prior  to  testing  at  room  temperature  ' 


□ 

r"  TENSli 

DH _ 

— * 

< 

SHEAR 

Fig.  fit  Strength  of  a 
filled  epoxy  resin  adhe¬ 
sive  bond  vs.  thickness 
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ADHESIVE  THICKNESS,  MILS 


FIGURE  80 

DATE  FROH  NBS,  R.  M.  HcCLINTOCK 
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Pmr u 
KMG- ' 

Modal  7 

DAT1':  «  P'>c<*rah’r  joift 


TADLF.XU 

ULTIMATE  TENSILE  AID  FLEXURE  STRENGTH  0?  FIBERGLASS  LAMINATE 

(TREVARNO  F- 92) 


Temperature 

°F 

Ultimate 

Tensile 

Strength 

nsi 

Flexure 
Strength.  Dii 

70 

30,900 

1.50  x  106 

18,900 

-100 

43,600 

2.29  x  106 

27,100 

-320 

52,600 

1.93  x  106 

28,000 

(Each  number  average  of  four  teats  on  1/8"  x  1/4"  x  2"  sample*) 


Mo'»«l  7 

DATKt  8  Ouconhor  1958 


I,-*  . 

UCllL-3'42l 


CONVERSION  TABLES 


Quantity 

Multiply  quantity 
expressed  in 

by 

To  obtain 

quantity  expressed  in 

Viscosity 

micropoise 

micropoise 

1  x  10-6 

6i?3  x  10‘8 

| 

1 

i 

8 

cm  sec 
lb(m) 
ft  see 

Density 

g/lltyr 

6,24  x  10*^ 

lb/ft3 

Heat  Transfer 

watts/cm^ 

927 

watts/ft2/ 

Sound  Velocity 

meters/sec 

3.28 

ft/sec 

Thermal  Conductivity 

watta/cm  °K 

2.54 

watt  a /in  °K 

57.8 

BTU  ft 
ft2  hr  °F 

Specific  Heat 

watts  -  sec 
T^K — 

454 

I 

watts  -  sec 

— nr«K”“ 

<• 

!  0.239 

cal 

T°1T 

* 

j 

!  0.239 

! 

1 

BTU 
lb  °F 

t 

FIGURE  82 


Pn/'tj  132 
F..IO-/./, 
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ALUMINUM 


E*mr>k  loorce 
and  amvlyna 

Remark* 

Rcfereooe 

Tort” . 

low  Taka  0 f  Ar»  Ml  al  (TC;  R. . . 

L.  loeeni 
(1851a). 

0  rt,  ot% 

A— 3.01 1(  irC;  R,  Cp . 

W.  Jkcct  uk) 
H.Dx*vIliori( 
0900). 

John*nn,  Mai* 
they;  97% 
pure. 

lathe  lamed  from  Urter  aaretfr, 
dcnaity  of  1.70. 

a  11.  r«* 

Coraraffdal . 

a»i.m  «t<rc,  i.M.t  trx, 

H  2t.rK. 

R.Btl»«(l9U). 

the  thermal  and  ekt>;it*l  eoa* 
docliTitj. 

0538). 

1  aar>r4ee  ran*. 
lr>K  from  para 
to  technical. 

Means  red  at  TO*  %*4  W*K;  rmlfc 
foe  p«ml  aamplea  lie  jtwi  below 
erne  of  P.  8.  J.J  itttdied  effeel 
of  (tain  site  and  cental  boood« 
arie*. 

B.  Grunetse*  aod 
Fa.  (loerw 
(JW7); 

£.  Grtirwiar* 
(1777). 

Taft**.,,..... . 

J.  BUrNff 
(Iffrt). 

..  .do . 

*- 9.95  .1  ere,  l.M  HtCK;  »1m 

Beamed  R. 

W.  ManocUn 

emu- 

Ap pm.  W.7% 
port;  Irchnk- 

»Qf  pyr*. 

Two  Mr  pfet  COT.  t»Vy»  »|  ere  ot 
k-ial. 

A.  Knelt*  aod 

If.  Wanratmp 
(17V). 

IladfifM’j. ..... 

J.  it  Note! 

(iiii). 

ALUMINUM  (Oont'd) 


'Cum  • 

Sample  louree 
and  arulyau 

Remark* 

Reference 

A.W.8.1 

Alco»:  V).m% 

porf,  ,001% 

Jl«..00t%8<, 
.0005%  /*, 
,0001%  Co, 
,0W%  N». 

Single  crytUl:  rraidaal  electrical 
icflfUow  ti  1.17XKF*  R»r»; 
a-1.7XlO*«,  fl-7.01. 

R.  A.  Andmn, 
R.  T.  WcMxf, 
udD.A. 

Bpohr  (1951). 

A.W.B.5 

. do . 

[ 

• 

8in«l«  cr)ril.l,  R  »  1,(1  X 10"* 
Itml  rt-J.nxIO-i,  (j’-JXK. 

Do. 

A.W.B.I. 

Jofcnaon,  Mai- 
they;  77.974% 
pure;  .002% 
M*.  .001% 

.0005%  Co. 
trace  of  Na. 

Fofmya UHi m  md;  rraidual  re- 
fiaUnro  of  1.14  X10*1  RinJ 
ff-2.72XIO**(  tf 

t 

8 

: 

Do. 

P.  8.  J..... 

Alco*;  99.19% 
pure. 

R.  W.  Powm, 

D.  Schw.fli, 
tod  II.  1. 
JohMtoO 
(1951). 

j 

M.R . 

/oh won,  Mai* 
th*y;w  774% 
pure. 

Ao.mM  p.l«r)'«Uli  a-J.9X 
io->,  n-jj. 

K.  Mendcfaaoht 
and  H.  M. 
Ro^nbtrt 
(1957a). 

Poly  crystalline;  lapcreondoclfot 
lUle;  rfreretolalire  talar*  wtra 
.07  a  1 0  r  K .  .0 1 J  a 1 0.7T K.  .007 

at  0jrK. 

onJC,A.R>». 
too  (I9SJ). 

R..., . 

a-iixio*1,  0-0.71 . 

H.  M.  RnarnVft 
(1954a). 

FIGURE  83  -  DATA  FROM  NB3  CIRCULAR  NO.  556 


CONDUCTIVITY,  mw/cmdegK 


Cure* 

SunrfeMKtfc* 

andonalyab 

Reaatia 

Rcfoett* 

Cum 

8aarkaouree 
and  aad/ab 

Cooua.  ptr«.... 

Ahtnrt  ttpJr,  *-0.10  >1 171% 
0.1!  »UW(k,0.!tM9QrK, 0.11 
>t  art 

C.J.  BJ.K7  tod 

L.  I.BecWUk- 
W(I*iI). 

M.  R. . 

Jolnm,  MiU 

ib«r;  11% 

pure. 

M.R.  1... 

Aaoe.Oci.la4. 

1ml;  «S.>% 
port. 

UhimM;  fl-590 . 

E.  Mwd.tack. 
ud  II.  U. 
Rwetbrei 
(19Mb). 

It . 

M.R-I... 

Boat  ittrt*; 
9*59%  PWA 

AmmM:  a- m . 

Da 

K. . 

j 

SafM  trjtOj;  eMdoctiritr  M. 
ruit  h*  SO*  to  Iv- X;  «- 
♦MXlf*.  fl-M. 

(IHU). 

K.  Wc/*J'Uok* 
and  II.  M. 
Itiarrnbett 
(1W26). 

If.  M.  RwfftUff 

(IISU). 


from  NS3  Circular  No.  556. 


FIGURE  84 


CONDUCTIVITY,  w/cm  deg  K 


ItfrnvU 

ItrlrfrAcc 

Cum 

k  -  j  at  <rc . 

Or*  ntnrk  bad  Ar-JC  at  ICPCj 

(IMU). 

J.  Il.onr 

o*  *twk1.  u  it  itre. 

(ISM). 

A-3.9itl8TC . 

K.  (IrSneinaw 

4-J.JJ  It  irej  R,  Cp . 

(1900). 

W.  Jaejrr  aod 

*- 3,85  it  KV . 

11  Otr».Ucnt 
<1900). 

W.  6eH>aM- 

n.Bj.  .. 

*%jfl  draaa.  bi«h  conductivity**; 

ben.f  (1903). 

a  ii.  i«« 

Jt»JS.t?rO;rwulUit  1WK 

(19(H). 

wc  clone  to  Uro  PJ  J.  curve. 

KWtrolylie  wirtj.  r«)ur» 

at  21. 91*  and  XIY  art  do*  to 

W.  Mtmoef 

A1  It a. 

(1913). 

the  W.-l  cum. 

Natural  ainyle  crystal;  frails  «•- 

R.  Exfccll 

eetUin  due  to  very  small  Mir  of 

(1913). 

p.bj. 

•atupk. 

ApproaimaUr  curve  of  W.-3 

Dj 

do«n  to  27*  K. 

Mrnurrtl  18  futnfie*  of  various  K.  firunn«a  aod 

crystal  structure,  jnjrily,  »o <J  K.liwM 

anaeahn*  at  21*4*1  8TK:  R.  <1927). 

*Wle  crystal;  Ut*reeD  08*  and  W.  CJ.  Kannaluik 
3(XTK.  tbo  results  we  clone  to  arvlT.II.Lthy 

turve  W.-l.  (19/H). 

Measured  H  difTe/rnl  copper  no*  K.  Crunriwn  and 

pl<*  at  20*  and  WK;  U.  JUt«dd«  uiana 

(19H). 


•  - . .  .  WJ,(Uluu»il 

T  Itirnnoi 

(IVJ9). 

Rt'i'lKnl  effect  of  ma/rxbc  field  or*  Y„  CrunrLiea  and 
H-  *1  AdouUdt 

<19  W), 


Johnson,  Mat  Machined  and  anrrakd  .  , 

they;  free  U 

ft;  .cor;  ewh 

A*.  Ni,  and  ' 

IV 

Aw.  Jjfwj  **0.  Oi)ico*free,  hi*b  conductivity 


J.  F.  A  Ilf  i)  and 
K  Mrndoia 
09»J/. 

It.  W,  I’owfni, 

I)  fxh«4ru, 
and  II  |v 
Jol’Mton 
(IVil). 


L^tn  from  NBS  Circular  Ho.  556 


CONDUCTIVITY,  w/cm  deg  K 
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j  ' 
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li  r 

j!  ! 

I  l  l'li  iijJII-pL,  ]  i 

!  i| 

i  iiilt! Im  i  n1! 


I!  L‘i|  'P'  I  I  t 
I  M! !  I 

-  I 

:i  n  S' 

-MU 


!!  li::  hi'! In  Hl’iV  ..v;  •* Nil.! 

'■  l.Vi'  i!i:  :!'!  ; W  t  h'i  \ 


Mi  f  |S 

feiii  lira 


i  f  li  p  SI 
l!  fi  !  M  l 

Mil  ill  : 


i!i:i  :!'! 


1  iliiliii!  iHl* 


i  hi 

!  It  I 


it  ,!-  1  M( ;i 

^  9 

Si  | 

ij  |j|  I'll  ’  !l;  I 

I  m/i  i 

I  i!  !  li!  imii'-t'-.  * 

I I  fi  iTiw-Ma 

1 1  I  i  ail  fit 

I  ' '  i !  ’I'fii  i  U„  ji  | 

Mil 

\^m 

!  i>!'  i‘ '  :  .iWjjr 


K»m*w 

JmSIIISPe 


i  milieu!: 

.  i!!i  ■  ;t..| 

|  li  i  •  »  *1 

|t  •  ,|i  '  I  t  *  1 1 

«i!> Ml  ,  i  i  '■'! 

III!  !i'! 


g  i  ll  '  »  '!  1 

|  MSN!  II i 

\im\l 

life 

it  litllilii  1  !iii  lllll. 


1 Ij'i'" 

lilt  '  III  Ijill'E. 

T"*"FvTt'nP'  H’1  'pi 

|  ■!  ill:!1'. 

.  Ill  j**] 

Liyjt'f,;i> 

nTU-asrifl'ir- 1  mi 

tar !  m!!  s 

'  |  ; 
III!'  'l"l'n 

,ir!  Hi;1 .. 


linn, 'i! i  i  i,  i 

lit  lilt  ■  t  ■')  ! 

I.  .11-  I  . 1 1 1 1 

!'!,  |l  :|l! 

ill  !j.j  ni  l!.; 

J  liiliilJJ  iiii.il 


TEMPERATURE  ,’K 


At, UMINUM  ALLOYS  (OontM) 

Nouiln.l  cctn|»u)iUofl  (%)  I  Coo.Jutt.vity  tod  rnniiki 


kCu.iHi.murvAitg/ 
Du . 


w/tta  irt  K 

..  *-UJlU7rK;<XM»»«*K...  W-Monnclttri 
(1931). 

..  A-U!  »1273’K;0.60»1S7*K..  Do. 

..  *-I.U»tl»*K;.90,t»7*K....  Do. 

.  A  - 1.00  M  17J*K;  .73  si  VTK. .  Do. 

A-1.03  .1  iWK;  77  »l  WK;  Po. 

Uw-rually  lirolnj. 

..  A-0.77.1173*K;  W.m7*K....  Do. 

..  *-069  . 1  273*K;  .«  >1  »rK;  Do. 

Ui.tutgU/  Utsttu. 

.  *-M9  >t  173’;  1.11  it  (7*K;  Do. 
-AV.il", 

-  *-I.M,ll73*K;Ul»t«7’X.  .  Do. 


Me.  Mo,Xl>;K  S  Alloy  3(5  . 
Mo,  Mf.UI.;  K*iJ  ABvy  160.  . 
Mo,  Alt,  XU;  k'di  A  Bo/  H|«»I 

Co,  Mo,  Mi,  fJclwalMUo 

10.  '  . 

Co;  NiiMOtKolUo  Vo  |  ..  . 
Cu;  HtUoa-KJUn..  ..  ..  . 
MC«.Q*U<  . . 


Jt-IS3«t  373*K;  Mft  tl  trK; 
lix/UiAiJx  UruUd. 

A-l,07tlI/rK;l00airK. 

oo>un'K,oMAsrK,  , 
*- IfttiWyK; I  IC»I STK  , 
Jk-l.60*V/7rX;  U2*ifTK 

A  •  1.0  »t  27J*K;  1.11*1  ff7*K 
A-ll9»lWK;U0«lirk. 
A-l  M.|27rK;OMt|irK  . 


ALUMINUM  AMX)VS  (ContM) 


toinpcaitiuQ  <%) 


N..MIhir.r..  .1  0^7  Mu,  0.1?  ft,  A. 10  Cu,  I  An  tUmptdjJ'Dur 


I*. z. o  owiVo^Mt.oaiMn. 

OAafe.O^oK.001  C t, 
001  Ti. 


r.z-i-ia  .  oioftj,  j.onff.iwMn, 

Oi2  ff.ou  fii.OOTO, 
0  03  Ti. 

P.JU/.7W.  U(,u,5*Zn,2iMu,0J 

Mb,  03  0. 

K  Z.  JsH3  . .  4  « ( V  DOI  Y.u,  1.47  Mu. 

060  Mu,  CJ4  Kr.  013 
tii,  0.01  CV,  0  U2  Ti. 


H.  IV.  I'owtm, 

J.  II,  Z.ruW, 
tint  II.  lo. 
JoIhibIdii 


from  NBS  Circular  No.  556. 


ALUMINUM  ALLOYS  (Cnnt’d) 
COMPANY  AND  TRAUK  MANUALS 


ASTM 

dona¬ 

tion 

Trade  damnation 

Nominal 

eompomUons  (%) 

Conductivity 

suit 

r.o . 

99.45  AI  . 

w/rra  Art,  K 

241 

Anataled. 

A?  .... 

!Si  Uriinb  ns  1L  . 

99  AI  . 

2.22 

2.18 

ii  it 

WROUGHT  AM/)Y8 


Ml 

»  . 

l.a  Mn 

1.93 

0 

1.63 

15  12 

1.69 

il  14 

1.55 

11  11 

IS  . 

Li  Mn,  1  Me. 

l.M 

0 

1.63 

11  38 

rr  ai 

US;  llriti«S  RSM.I 

SACu.njph.os  Bi. 

1.61 

T3 

(S  11 

HSiUiiluli  PTD364. 

4  ICu.OSSi.OSMn, 

1.92 

O 

0.1  MR. 

\M 

T  6 

1.31 

T4 

cm  ai  . 

178;  ltritah  8361.1 

(Cu.0  4Mt.0JMn 

1.73 

131 

155 

O 

A  178  . 

2.5  Cu,  0  3  Me 

iT4 

jes:  Britt  th  HS  (1.75, 

4Cu.2Nj.0SMr,. 

1.93 

O 

iisaua. 

IAS 

T  61 

11183 . 

4  Cu.  1.5  Mt.  2.0  Ni. 

1.73 

0 

1.73 

T  71 

coai..  . 

218;  British  U82L40. 

4  5  Cu.  16  Mt.  0« 

1.68 

O 

DTD  373. 

Mn. 

1.21 

T  4 

248  . 

4.5  Cu.  0  5  Mn.  0J 

1M 

T  5  . 

Si. 

1.93 

O 

328..... . .  .. 

124  6i.  10  Mi,  09 
Cu.  02  Ni. 

1.55 

0 

1.31 

T6 

406  . 

1.7  M,  . 

1.93 

0 

1.92 

11  35 

C60S . .  . 

UM«  . 

1.0  81,  0  5  Me.  035 

155 

2  09' 

. * 

A  51  8 . 

0 

Cr. 

1.73 

T  4 

om.  .. 

528  . 

34  Mt.  035  0 . 

US 

0 

U»  . 

II  35 

MS . 

U  Mt.  0.7  S.  03$ 

1.73 

0 

Cr. 

145 

T  4 

MS:  Until.  DTD  303. 

5  3  Mt.0.1  Mn,  0.1 

1J7 

O 

Cr. 

1.09 

11  15 

cis  an.  . 

118 . 

1  Mi.  0481, 035  Cu. 

1.72 

O 

035  Cr. 

1.55 

T  4 

623 . . . 

025Cu.048i.IMt. 

1.72 

O 

145 

T  4 

638  . . . 

0.4  Cu, 0.7  Mt  ... 

1.93 

T  43 

...... 

309 

T  6 

mn ... 

768 . 

5.5  Zn,  2.5  Me.  1.6 

Ml 

T  6 

Cu.04Cr.03Mn. 

R  301 . 

1  Mt. 0.7 8i, 0.5 Mn  . 

1.93 

o  • 

1.21 

T  4 

1.55 

TO 

n  317 . 

4Cu.0^Mn,04Mtt 

1.72 

0 

rb.04  BL 

1.21 

T  4 

CASTING  ALLOYS 


13 . . 

128 . . 

1.55  to  1.21 

ij  _f . 

6a . 

1.47 

1.67 

Annealed. 

t& . 

68L4Co . 

1.17 

108 . 

4  Cu,  3  84 . 

121 

1.47 

Annealed. 

ECS..  .. 

ADcasI . 

6  Si.  3  Cu . 

1.05 

Cut 

1.17 

Ri4)evwl« 

1.13 

Aced. 

1 43 

T  7 

SC  1 . 

Aioe . 

54Si.  44  0) . 

1.42 

112 . 

7  Cu,  1.7  7.n . 

1.17 

.... 

1.47 

Ac  net  W. 

C823., .. 

113 . 

7  Cu.  3  Si.  1.7  Zn 

1.17 

1.47 

A  toe  tied. 

C3  22... 

cm . . 

7  Cu,  3  J  Si . 

1.09 

CG  1 . 

122.., . .  . 

io cm o.; Mt..  .  ■ 

1.69 

T  2 

IJO 

Til 

1-34 

Data  from  NBb  Circular  No.  550 


Parr  138 
RMG-44 
Modal  7 

UATF:  8  0r>c-*mb»v 

ALUMINUM  ALLOYS  (Cont'd) 

COMPANY  AND  TRADE  MANUALS 


ASTM 

dc*i*n*. 

lion 

Trade  designation 

Nominal 

componittona  {%) 

Conductivity 

SUt r 

w/tm  d»*  K 

8C4I  .  . 

A  133 . 

12  Si.  34  Ni,  1.2  Ml. 

1.17 

T  551 

0  8  Co. 

1)  133  . 

S8i.25Cu.05Mt. 

109 

T  5 

01  NI. 

138 . 

10  Cc.  4  Si.  03  Mt 

1.05 

CN  11 

142.. 

4  Cu,2  Nr,  1.4  M|. 

1.67 

1*21 

Ul 

T  571 

1.51 

T  77 

1.30 

T  61 

Cl.  .  . 

195  ...... 

ISCu . 

1.38 

T  4 

1.47 

T  62 

CS  4.... 

n  i9s  . 

44  Cu,  2  5  Si  .. 

138 

T  4 

1.47  In  1  88 

T  6 

212 

8  Cu,  1.3  Si  .  .  .. 

1.17 

(i  1 

214;  Ilrituh  DTD  155 

3.8  5it . 

U8 

IJB 

Annealed 

A  214  . . 

3.8  Mt.  LI Zn  .  .. 

1.34 

II 214  . 

3.8  Mt.  1.8  Si  . 

1.47 

V 114  . 

3.8  Mt,  04  Si  .... 

1.42 

218  . 

8  Mr . 

0.96 

* 

220.  . 

10  Mr . 

.88 

T  4 

sci.  ... 

319 . . . 

e  si.  3  5  Cu.  .  . . 

1.13 

3.33  .  ....  . 

9  Si,  3.8  Cu 

1.05 

Y 

121 

T  5 

1.17 

T  6 

1.42 

T7 

sen..  . 

355  . 

5  Si.  1.3  Cu,  0  5  Mt 

1.67 

T  51 

1.42 

T  6 

1.47 

T61 

* 

1.63 

T7 

1.5! 

Chill  T  5 

SGI...  . 

740 . 

7  Si.  04  M| . 

1  67 

T  51 

155 

Tfl 

1.69 

T  7 

1.63 

Chill  T6. 

.150,  A360 . 

0  5  Si . . 

1.13  U  1.47 

.150.  A3.40 . 

9  Si.  34  Cu.  . 

090  (o  1.09 

384... . .  . 

13  Si.  3.8  Cu.  .  .. 

0  96 

A6I2 . 

84  in,  0.7  Ml.  04 

.96 

Cu. 

C 612  . . . 

.  6.5  Zn,  0  5  Cu.  0.4 

1.59 

750 . 

Mi. 

64  bn,  1  Cu,  1  ONi.. 

1.80 

TITANIUM  ALLOYS 


Curv* 

Composition  (%) 

Conductivity  and  Remarks 

Reference 

w/em  df«  K 

3  8Cr,  I  Ft . 

Ab«tr*e‘  only;  A  -0.13  at 
273*A,  040  at  195%  0.08 

at  ark. 

C.  J.  Ricnrjr  wx) 
L.  1.  BocAttnhW 
(1951). 

Fit.  39: 
T.W.- 
Ti. 

Rtm-Cru  Tiunitun,  UC 
130-8;  4.7  Mn,  399 
AI,  0.14  C. 

R,emf . 

W.W.TrWtnd 
A.  C.  WiWon 
(19*2). 

TUNGSTEN 


Compowlioo 

Conductivity  sad  rr  marks 

Rrfermc* 

w/«a  drj  K 

“Iropurt".  ....  . 

Sntle  erytUl;  A  — 1.53  it  83%  1  SOttll’K. . 

R.  GrvneWfl  aad 
YL  (Inw« 

0937). 

1 


TABU1  XUJ 


4 


* 


P o('p  J30 
F-M5-44 
Morlo]  7 

DAT“':  8  D^c^nK'r  1 


CHROMIUM  CARBON  STEELS  (Cont’d) 

OOMI’ANY  AND  TRADE  MANUALS - ; - : — 


Cocapaulioa 

CooJucUvily 

w/ca  du  K 

Commercial,,  ... 

3-0  07  it  20*C. 

'  IRON 

See  figures  8  and  9  under  "METALLIC  ELEMENTS" 

STEELS 

The  tables  for  steels  are  arranged  Into  groups  where 
the  principal  alloying  metals  are  as  follows:  carbon; 
silicon;  copper,  chromium,  cobalt,  manganese,  molyb¬ 
denum,  nickel,  tungsten,  vanadium ;  and  aluminum. 


CARBON  STEELS 


Compoditioo  (%) 

Conductivity  md  remarli 

Rtftrtocc 

w/cm  tlri  K 

o.i  c . 

*-0  67  it  18*C:  vroucll  iron . 

W.  Jiratr  ind 
H.btmrlhonl 
(1900). 

i  c . 

Do, 

aiC.040M«,045 
Cu.  0.02  8i,  8. 
043  P. 

*-0.72ltltrC . 

E.  Uriiocmn 
CVOO). 

047  C,  04  Si,  0.1 
Mo.  0018,  0.03 
Cu,  041  P. 

*~aia  it  tre . . 

Do. 

OWCO-lMn-O/jO 
8^  043  B,  C». 

A:— 0.51  it  trC . . . 

Do. 

I4C.02Mn.046 
Si.  0.03  Co,  8, 
041  P. 

*-050  it  ire . . . 

Do. 

1C:  “dwtlnl".. 

Soe  8*urt  24,  curve  with  iiitul  L . 

C.  11.  Ltd, 
(mi). 

CARBON  STEERS  (Cont’d) 


Comvtuiiioo  (%)*  j 

Conductivity* 

8lilo  > 

0.1  0,0.4  Mb.  053  P,  0-02  8 . 

w/emdr*  K 

0W 

.44 

.a 

.42 

.42 

.40 

59 

52 
.23 

53 
.33 

44  C.  04  Si.  0.4  Mn,  0  02  P.  0.02  8 . 

0.7  C,  04  «.  0.2  Mb,  043  P,  <142  8 . 

0  9  C,  04  St,  04  Mn,  043  P,  d  02  3 _ 

10  C,  0.3  Hi,  04  Mu.  053  r.  052  3  . 

1 J  C.  05  Hi.  as  Mi.  053  r.  051  8 . 

. 

14  C.  0.2  Si,  04  Mo,  043  P.  042  8 . 

2.41  C. 0.12 a,003M»,044P, 0008  ... 

Aiatfl 

Anmlcd  1,000*0,  3  b r. 
6  it. 

IKt. 

Data  from  NbS  Circular  No,  5l>o. 


Composition  (Ci ) 1 


Conductivity  > 


Stout 


w/eta  dr*  K 


2.53  C,  0  05  St,  0  02  Mo,  0  01  F,  0  03  S . ,  . 
2  07  C,  0  1’  81, 002  Mo,  003  P,  0.00  3.  . 


3.12  C.OOOSuOOOMn.OOiP.OOOS... 

3  U  C,  0  01  St,  0  03  Mo,  0  02  P,  0  03  3. 
3,17  C,  0.21  St,  003  Mo,  001  P,  000  6  .. 


3  33  C,  0  01  Bi,  0  05  Mo,  0  01  P,  0.05  B 
3  04  C,  0.10  St,  03)1  Mo,  0  07  P,  0.02  3. , 


3  95  C,  0.2  Si,  0,00  Ojn.’oOt  1>,002  3. 


4.13  C,  0.10  S,  0  03  Mu.  0  02  1*.  0  02  8. , . 
435  C,  e  <0  Si. 0 03  Mn,  0 02  P.0.02  8.. 
433  C,  043  St.  000  Mo.0  02P.002S  . 
4.40  C,  041 8i.  0  03  Mo.  042  P.  0.09  8. . . 
4.01  C,  047  Si.  0.03  Mo.  0.02  P,  0.04  8. . . 
443  C,  044  Si.  049  Mo.  0.02  P,  047  8. . . 
3.02  C,  1.24  Si,  0.09  Mo,  0.01  P.  0  00  8. . . 
311  C.  1.90  Si,  0  00  Mn,  >.i15  8 . 


341 C,  1.98  Si.  0.00  Mo,  00!  S. 


.31 

As  cast. 

.30 

Do. 

52 

1,000*0  m Drill'd,  2  hr. 

52 

6  hr. 

52 

8  hr. 

.20 

At  cfc*t« 

.20 

Do 

55 

Do. 

.26 

Annealed  1,000*(\  2  hr. 

.26 

6  hr. 

.27 

8  hr. 

.23 

Aicait. 

.21 

Do. 

.23 

Annealed  1,000*0,  2  hr. 

.23 

6  hr. 

.23 

U  hr. 

.20 

Aa  cast. 

.10 

Al  CAtU 

.21 

Annealed  l,00tf(\  2  hr. 

.26 

6  hr. 

.50 

8  hr. 

.18 

Al  emit. 

.20 

Annealed  1,000V,  .  hr. 

.17 

As  ca*l. 

.10 

AmtraW  l.ttXTL'.  2  hr. 

.15 

Al  nit. 

57 

AnncaW  1.0 00V.  2  Ir. 

.16 

A«  cut. 

.17 

Annealed  1,000*0,  2  hr. 

.13 

Al  cut. 

.15 

Aunorihd  1,000*0.  2  hr 

.13 

As  coil. 

56 

Annealed  lfUO0*(\  2  hr. 

.13 

As  cut* 

.20 

Annealed  ftXfC,  1  hr. 

.13 

Ai  ca.it. 

.35 

Anneakd  WXJ*0,  1  hr. 

.40 

Add.  annealed  1,000*0 

1  hr. 

.43 

Aj  nut. 

.52 

Anorahd  800*C,  1  hr. 

t  ItoulU  by  II.  Mowroolo  (1927)  it  23*C. 


CARBON  STEELS  (Oont’d) 


Cwt 

Coropoaitioa  (%) 

Remark* 

JUfrmun 

K(.24;MiU.. 

0.14  U  008  St,  007  Mn. . 

**M'U  *de«r*;  heated  i 
to  AO'C  and  fur-  j 
taco-cooicd. 

,1.  d-  Nobel 
(1941). 

>i|.  33; 

053  Mn,  G.I8  C,  0514  Si  . 

i 

R.  W.  Povrn, 

J.  1*  Ziegler, 
II.  L.  John* loo 
(1951a). 

8AK  1070. 

Kie.23; 

093  C,  044  Mn.  040  8i. 
0.1  Ni,Cr,00iMo. 

' 

Da 

P.Z.R 

8AK10W. 

CARBON  STEERS  (Cont’d) 
COMi’ANY  AND  TRADE  MANUALS 


Compoitioo  (%) 

Conductivity 

0  011  C.  0.045  Cr,  007  HL  041  Mo,  007  Mo  . 

0.33  C.  trace  Cr.  0  074  Hi,  0  034  Mn,  0.13  Co . 

0  415  C,  tra«  Cr,  0003  Nt,  0  613  Mo,  0.13  Cu.  .  .  . 

Otto  C,  0.1 1  Cr. 0.13  Ni, 041  Mn,  007  Cu, 00]  Mu  , 

1.37  (7.0.11  Cr.  0.13  Nt,b44  Mo.  041  Mo,  008  Cu 

t r/ctu  deg  K 

059 

52 

52 

.49 

.45 

TABLE  XL  IT  I 


ted40 

Model  7 

DATE« 


TEMPERATURE  *K 


Specific  refcrence.<)  can  bo  found  under  the  typo  of  steel. 


SILICON  STEELS 


1 

Coo'ftfxltlon  (%) 

ConductMljr  and  rrmarkj 

TUf'^nm 

m/m  dr*  K 

0.1  81.  0.1  C.  0.1 

A-0.M1.Urc . 

W.  and 

Mn.tfweoM’,8, 

IJ.DifwlKonl 

and  i\t. 

(IPOO). 

COUKOSION  RESISTING  STEEI-S 


(Copper,  chromium,  cobalt,  manganese,  r.iolybod- 
num,  nickel,  tungsten,  and  vanadium) 


Clift# 

Cwnrofilion  (%) 

ItffUVb 

Rffmot# 

Vl£  11, •  Xr. 

o.»  Mn.ojc,ojfa.oa 

8, 04  P. 

"SUnnlra." . 

A-?  ffl*Atn  (Iff  K 
tl  I0TK.  !1  .1  14* 
K,  IJ  .1  WK. 

J.  Karwril  and 
.K.  fVMfer 
(IM9). 

K.  R. 

md  J.  \\  ilU 
(1019). 

Data  from  NBS  Circular  No.  556. 


Cl'.tROSION  RESISTING  STEELS  (Oont’d) 


Com 

C  rnponilion  (%) 

Itcroarka 

IWfrrne# 

FI*.  21;  2% 

1  Ni.  n.?2  Mn,  0.21  Si. 

If^Vd  t/>  00 0%  and 

Ni. 

o.ii  r. 

furrare-conW. 

(1551). 

11%  Kl . j 

24  30Ni,4.M  Mn.  1.ISO. 

lifted  lAl.OMTCund 
waUr*qiKW*h^. 

Do. 

37%  Ni  ...  . 

17 JO  Ni.  H.6  t>,  3  5  W. 
1.02  ft,  1.34  Mn.  0  44  C. 

IIraO',1  In  l,MO*C  r>J 

V*  rv  •. 

Do. 

31%  Ni . 

31.4  Ni.  0.82  Mn,  07  C.  . 

to*00*C  am! 
fiiMact'?,  olcd. 

Do. 

Do. 

3',%  HI . 

3117  NLOOJMn,  0.19  C. 
G.W  ft. 

HfaUtilnl.OyrCand  | 
waW«fju»nc». | 

Do, 

41%  Ni..  .. 

57J  Ni.  1.31  Mn.  0J4  C 
0.14  si. « 

Atfor<rd;  *n.M.iV\j 

i 

Do. 

3%  Mo . 

233  Mo,  0.41  C.  007  ff 

to  ffO*C  and  ! 
I»»fnac**fooW. 

Do. 

13%  Mn,  1% 

12.09  Mn,  4.27  C.  912  Si. . 

ll(.Wln2,0rt0’C»ncl 

Do 

0. 

waiffnqyfneKrd. 
’7nanrt»rrac  al/tl  » 

Do. 

13%  Ms  .... 

12.95  Mn.  0  10  ^  0.12  Hi. 
0.09  Cl  0.05  V. 

H rated  to  1 .000*0  and 
walff-qurnchcd. 

Do. 

35%  Mb  ... 

30  9  M  n,  0.7  Si,  0  2  C  0  00 

8,0.01  r 

Do. 

1 

FID  URE  89 


fi 


IRON  ALLOYS 


£ 


ALL  CLUVCS  WEHt 

otrinmuto  or 

j.tthol»\  nisi) 


TEMPERATURE ,  K 


Specific  references  con  be  found  under  the  typo  of  steel. 


C0rtItO8I0N  RESISTING  STEERS  (Cont'd) 


CorapraltiM  (%) 


IIS  Cl.  OHC,  0.73  fli 
0.13  Mm. 


im  o.  ti  ni.  o.u  a, 

031  M«,  9-17  C.  I 

1  tl  Hi,  0.71  Mo,  0.19  f>,  | 
0«M»  0  37  0,0.111*, 
0.03  r,  COi  8. 

O.MCr.O«3M»,OMO. 

0  2  Hi  hi,  fcfld  Mo  ea<». 


IieCr.OJOf.OJIMo, 
oi?N»,ow(:.oofCu, 
003  N,  001  r. 


Hftnuki 


Hftlrd  to  800  <*  ted 

Heilfxi  to  W0*C,  oil 
q'jtnfhH,  rebelled 
tu  460*C,  ail- 
wW. 

IlMtnl  to  l,JW*Caad 
I  wftler-qucotbcd. 

I  Heated  to  W?i\  wl 
I  i|tocncSft!}rrkr»U«t 
J  to  660*C,  n»Ur* 
[  quenched* 


COUKOSION  RESISTING  STRESS  (OonlM) 


Ca»t# 

J.  d.  Nol.l 
<1WI). 

r.ZJ.-3i7  ... 

Pm 

[Id. 

P.Z.J.-JW... 

Da 

Do. 

Ki t.  23;  B.. 
BuiaVw. 

R  W.  Power*, 
i.  B.  Y.tnUr , 
»r>d  II,  L. 
iuhmtow 

Fif  21;  Ki. 
ZI.-jOJ. 

Vs.Zi-Ml 

T.nr^aif  . 

Da 

ConpoaiUoo  {%) 


411.  1.47 

Mi*.  O.tt  Nb.  0  67  &, 
0.26  t\i,  OWO,  0.03  N, 
0  02  \\ 


IIMWVI,  PO>|M,t.l4riU, 

0.43  re.  0  06  Cu,  0  06  C, 
OWN,  0X0  P. 


iy  o  i  c. 


ft.  W.  Power*, 
i.  II.  Zieder, 
and  If.  L 
John*  ton 
(1WI»). 


*bcut  0.01  am  (1061b). 
ixxtm. 


l.KiWmwirujid 
J.  R.  Znonwf 
man  (1W3J. 


Data  from  NBS  Circular  No.  556. 


FIGURE  90 


CORROSION  RESISTING  STEELS  /Cont'd) 
GOMI'ANY  AND  TRADE  MANUALS 


Pa  ire  140b 
EMG-4A 
Model  7 

DATE:  8  December  105^ 

NICKEL  ALI/OY8 

COMPANY  AND  TRADE  MANUAI-fl 


I 


AF3!  No 


Noomul  eowpowUoo  (%) 


Cooductiritjr 


Trule 

DreixnttioQ 


Nrcainil  compoUtioft  (%) 


m 

.mi 

309 

4!0 

416 

<20 

<10 

140 


00*  C,  i*»%  ft,  .91  Hi.  .3!  Mu.  MMo..  . . . 

0  23  C.  IM  ft.  074  Hi,  635  M».  13  Co  . 

0.416  <\  tnc*  (V.  003  Nf.  .043  Mo.  .12  <\i  .  . 

0  325  C  .17  Cr.  3.17  Ni,  055  .Mn,  ,09  Ca.  .01  Mo 
0.31  (10  7S  Cr,  3  A3  Hi.  053  Mn.  M  Mo.  .05  Ou 
0.316C,  l.l’O 0.0073 Nl.. 69  Mo,. 012 Mo.. 07 C«  . 

0  35(1  .88  Cr  M  Ni,  .59  Mo.  .2  Mo,  .It  Co.  .  , 

3  0.05  Mo" . 

1.22  C.  OOU  (V.  .07  Ni.  17  0  Mo.  0.23  Si.  07  Cu 
0.2,1  C,  Ok.  0. 3137  Ni.  0  «9  Mo.15 .S.  .03  Co. . . . 
OOS  0*  10.11  Cr,  111  Ni.  0  37  Mb,  .63  8.,- .«  W. 
.03  Co. 

0.13  C.  12.05  Cr,  0.11  Ni,  .25  Mn,  .17  IS.  .00  Cn, 
.01  V. 

0  27  C,  13.69  Cr.  0.31  Ni,  .til  Mn,  .25  IV.  M  V. ,  . 
3.716  C,  1 25  07. 0  067  Ni  .25  Mn,  18.13  W.  1 08  V  . 

0.H  C.  18  Cr.  9  Ni.  3  Mo . 

0.150,  i1Cr.9Ni.007  P.  8,  Keyoeh,  .6  Zr.  Mo  wi . 

0.W  C,  23  Cr.  13  Ni,  3  Mn . 

0.13  C,  12.5  6  . 

0.15  C,  13  Cr, 0.07  p,  8,  8r  rwh,  .6  U,  Monro... 

0.15  C  or  mw,  13  Cr.  . . 

0  12  C.  16  (V .  . 

07  C,  17  Cr,  0.76  Mo  .  . . 

13  Or,  35  Ni . 


»/«m  lire,  K 


059 

.51 

ANltirl  . 

.52 

1)  Nlfkrl 

.37 

Mooil. 

.33 

KMoorl  . 

.45 

lUrtrlloy  A 

.43 

lU-lNMy  8 

.37 

Muuilny  C 

.13 

HuMloy  D 

.13 

1  nroo.1 .  . 

.15 

Itlmmn..  .  . 

.27 

.25 

CoojUnUn. 

.25 

,?2 

.22 

.12 

.40 

.40 

.33 

.30 

.13 

00  I  Ni+Cn.0j  M.:,  .13  F.,  .1  Cu.  .1  C. 

95  Ni,  (  5  Mo  . 

07  Ni,  30  Cu.  1.6  IV.  .  Mn.  0.15  C.  .1  ft. . . 
06  Ni.  29  (X  2.75  Al.  0  9  Ft,  ,75  Mn.  i>  Si.  .15 
67  Ni,  20  Mn,  20  7r  . 

62  Ni.  30  Mo.  5  Fr  . 

5*  Hi.  17  6io.  15  (V.  5  W.  3  Ff  . 

15  Ni,  10  Si.  3  Cu  . 

60  Ni,  16  Ci,  6  »  .  . 

58  Ni.  22  Cr,  6  Cu,  Mu.  Fe  rodi. .  . 

«  Nt  20  Cr  . 

60  Ni,  26  Fr.  10  Cr  . . 

35  Ni,  50  6V,  15  (V  . 

15  Ni.  55  Co  . 


Cood«tiTity 


w/cxn  dtt  K 

0.01 

.68 

.26 

.19 

.17 

II 

.13 

31 

.15 

.12 

.5* 

.11 

13 

23 


DEOXIDIZED  STEELS 
(Aluminum) 


Com 

CompmHion  (%) 

RrnurU 

Rtffreow 

F«.34:6y„Al. 

4.11  Al.  0.13  ft,  008  6In. 

O  OJ  C.  0.91  8. 

HmUx)  io  SOOT  tad* 

).  it  NoM 
(1951). 

Data  from  NBS.  Circulrv  No.  556 


T  AB  PE  X  LTV 


Pago  141 
EMG-/.4 
Modal  7 

DATEj  8  December  1956 


NlOKEt/  ALLOYS  (Cont’d)  NICKEL  ALLOYS  (Cout’d) 


CuMO 

Compaction  (%) 

Conductivity  and 
rerr,»fki 

Reference 

Curve 

Coapoaitioo  (%) 

Conductivity  and 
rtmarka 

Rebec  pc* 

w /cm  dff  K 

w/co  drf  X 

11,0  Ni,  1.4  Co,  1  M n,0.< 

*- Oij.urc 

Bee  Ku.  4  and  Nickel 

J.do  Nuticl 

* 

II.Draarlkcrit 

<1WJ0>. 

Table  under  "Me* 
UU>c  Klrrucnta". 

(USD. 

80  Nl,  30  ft ;  "rtkbroox". . 

4-031  above  room 
temperature. 

R.  Kikixki 
(1833). 

N.-Moo*].  ... 

47  Nl,  30.9  Cu,  ...... 

Do. 

Flj.  34;  Sir, 

17.0  Hi.  IJI  Mn,  014  C. 
.14  Bi;  remainder  IV,  ap* 

Do. 

10  Nl.  II  ft,  13  r. . 

l!o. 

Wnipcratuir. 

proa.  40. 

Fit.  15;  Kf. 

nM. 

•0  HI,  IS  Ct.  14  F«,  7  Mi 

1 

J.  Kuffpil  and 

X.  Rchlftr 
(1039). 

FI*.  9ft;  Ka. 

2i.-lnconfl 

(drawn). 

foeooel  .  . . 

Hard-drawn . 

1.  KnU  rirunn  arid 
).  K.  Zi»aii»rr- 
pto  (ItfHb 

Ml- 

80  HI,  14  Cr,  •  P'  . 

R.  W.  Powm. 

J.  H.  Zirgler, 
and  II.  L. 
•'.''brutoo 
(lOi.’e). 

Ka.  7i.»  lieo- 
*rl,#t. 

do  •«.  ..  • *  0  .  ■  0  a  J 

Annealed  . . . 

Do. 

Ka.  Zi.<(n(0< 

M,#  J. 

do . 

Do. 

P.ZJ.-Cool t- 
ou4. 

P.LJ.H^I. 

UV,  NL  14  T4  Cr.  IS.83 
A.  7.3  Mo,  1.14  Mo, 
044  a 

•7  Nl.  SO  Co,  1.4  K«.  1 0 
Mo,  0  14  ,1  IS.  .4l  8. 

*' 

Jlol-eoUfd. . 

Do. 

11. 

Ra  24  -MooH 

£a.Zr  ie.'cal, 
(iSiMJnl). 

Meul  -■  .  . 

Mor.fl  ... 

Hard-drawo . 

Annealed . 

Do. 

Do 

P.ZJ -iftp.l, 
*oii  \ 

.  .  ...  . 

CoVJ  p  uw  . „ , 

Do. 

Data  from  NBS  Circular  No.  556 


FIGURE  91 


frWifqjj  1958 


JOO 


TEMPERATURE  ,*K 


PRECIOUS  METAL  ALMIYS 
S«o  nliio  tho  Inblcn  given  under  "SILVER  ALLOYS" 
and  "COLD  ALLOYS'" 


PALLADIUM  ALLOYS 


Com  petition  (%) 

Conduflirily  and  rrmarVa 

fUftrtfttC 

w/rm  dfjc  K 

»N,  10  . 

*-0  4$  at  25*0 . . 

non). 

POIM,  WA, . 

A-0.37  at  55*0 . . . . 

Dn. 

70  N,  10  A, . 

A -0.31  it  WC . 

CO  INI,  40  A* . 

A-0  37  at  35*C . 

Da. 

00  Pi,  10  Ax . 

A-0.3J  . 

Do. 

COl'il,  to  Aa...... 

A-OiJ  »l  J4T. . 

rv». 

lori'soAi . 

A-G.4J  at  ?4*C . 

70  N.  JO  As . 

A-o.to»m*c . 

Da 

CON,  40 A« . 

A  -0.30  it  JVC . 

Do. 

eo  ra,  60  Au . 

A-OJCitJVO . 

Do 

90  pd,  10  rt . 

A-oMitsvc . .  . . 

Do 

k  rd,  so  Ft . 

A-o.iiaurc . 

Do. 

70  rd,  30  rt . 

A-0  W»17tY. . 

Do. 

to  Pd,  to  it . 

A.OJIallfO . 

Do. 

«  w,  to  r» . 

A-0J7  .t  JYC . 

Da 

Data  from  NBS  Circular  Ho.  556 


PALLADIUM  ALLOYS  (CnntM) 


Com  petition  (%) 

tVadoftifily  and  ftmuki 

llffftvnf* 

w/cra  dc*  K 

Cwmnafiil . 

A-oia.urc . 

T.  Hamit  am) 

H.  M.  Winter 
(1PM) 

M5Pd,  Htft  . 

IMrm.UWw;  FI*. ».  Td  l5%  (V. 

K.  (Srilnrivn  a  in! 
11.  H^ldcmann 
(1914). 

tord.toru.... 

AnwaVti;  ft  K»H-  i\  MlM-40%  OiM  . 

1)0. 

wrd.uAu  .... 

Aonrulrtl  7  hr.  it  fWC;  **  Fi*.  2$,  *Td« 

Da. 

44%  Au”. 

PLATINUM  ALLOYS 

"Import” . 

A-oait»t|rc . 

W.  J*r*fr  aM 
H.!W*clhont 
(IWX1). 

port, lord  ..  . 

A-0.O«lSVC . 

F.  A.  frfculi. 

(I01I). 

•on,3ord  .. 

A-05til75*C  . 

Do. 

60  It,  10  J’d 

A-0J1  .1 J5T . 

Do. 

so  rt,  to  rd  . 

A-0J7.17ST  . 

Do. 

F1GUKF.  92 


TAB1E  XTV 


Papo  143 
EMO-44 

Model  7 

HATS:  ft  1 


PLATINUM  ALLOYS  (Cont’d) 


(Vo petition  (%) 

Cooductirily  and  remailci 

Rtferenre 

w/cm  de*  K 

70  P».  10  Ir  . . 

*-oji  »i  ire . 

T.  IUrratl  and 

R.  41.  Winter 
(IM4). 

Hn.14  Ir... 

*-0.23»U7"C . 

Do. 

SO  IX  20  Ir . 

*~o.i8»tirc . 

Do. 

M  IX  10  Ub 

4-020,*  ire . 

Da 

M  atomic  %  Ft,  4 

*-(uo  «urc  . 

C  11.  JobinwM 

almnie  %  Aa. 

and  J.O.  Linde 
(1930). 

90  atomic  %  Pt,  10 

4-034  .1 1ST . 

Do. 

atomic  %  Au. 

74.lom»%IX75 

4-0.24  •*  i  re; . 

Do. 

atomic  %  Au. 

SS  atomic  %  Pt,  46 
atomic  %  Au. 

4-021  m  tec . 

Da 

COPPER  ALLOYS 

Seo  also  the  "COPPER  -NICKEL  ALLOY"  graph  and 
and  tables.  ■  1 

Cum  Coapoiitioa  (%)  Coaducli.it)'  »nd  irmuL  Rcfrcrocn 

w/cm  dcf  K 


.  About  62  Cu.  14  Ni.  “Nfolilbw";  A -0.19  ,t 

22 7.o.  era 

. .  About £2  Cu.  ISZo...  “Red  brM.”;  4-I.OJ  >t 

OrC. 

.... .  About  06  Cu,  36  Za. ..  “Yellow  br.*,";  4-0  86 

•t<rc. 

.  034  P . 4-O.M  it  14*0 . 


. I  0  87  P .  4-0.01  it  14*0. 


L  Lcrrn,  (1881). 

Da. 

Da. 


A.  Rielucb 
(I1W0). 


.  1.7 f  P .  4-033  it  14*C .  Do. 

.  JjOSP .  4-0  34»ll6*C .  Da 

.  234  P .  4-027.1 16*0 .  Da 

.  4.24  P .  A-O.I4otl4*C .  Da 

.  IjMAj .  4-1.14  »U6*C .  Da 

.  ISO  Aj .  4-OM.tli’C .  Da 

.  2.64  A* .  A-034«tl6*C .  Do. 

.  3X0  Ai .  4-034  »t  I6*C .  Da 

.  MO  A, .  4-030  U16’C .  Da 

. 64.7 Cu. 7.14  Ze, 032  ”R«J  bow";  4-O.M  it  W.  lum  wd 

8*.  04  Ni.  ire.  H.IWJbont 

(IWO). 

.  MCu.12Mt.4Di..  4-0.22  at  irC  ..  ..  Da 

Pit.  27;  L.-  70  Cu.  X  U . C.  II.  Um 

Brut.  (I90S). 

Fit.  27:  L..  62CU.22ZtL.l4Ni...  “Oumto iJm" .  Da 

lief.  tilt. 

L-PUl  —  Approi.  tout  u  “J’Ulinoid" .  Da 

tbotr. 

U-M.n/uuo  M  Co.  12  Mo,  4  Hi.  .  "MucoW.  ...  Do. 

82  Cu,  IS  Zo .  -Util  bn*-;  "8a;"  art  A.  Kuclto  **■! 

Ult;  k  -1.27  U  27TK.  0.  NtumtM 

0  66  ttKTK.  (IWt). 

...  . do  .  MK.dbnu.M;"W,*Mrn»-  Do 

uW;  A  — 1 20  ol  27J*K, 

oosaWK 

Data  from  NhS  Circular  No.  556 


an.  bn 

(ISOS). 


Ku.  Di.-Cu- 
60%  Ms, 


Ku.  Di.-Cu- 

60%  Mrs, 
2. 


OOPPE n  ALIX>YS  (Cont’d) 

Composition  )  Conductivity  and  remarks 
w/cm  Jr*  K 

OCu,  iOMn  ..  About  44  crystal*  per  cen¬ 
timeter. 


About  112  cryiUlt  per 
cruUmrUr. 


Fit.  27;  Q. 
R«..4% 
Au. 

0.  Rr.*10% 
Au. 


Uoanoctlcd;  A-J  67  at 
83*  and  21*K. 


...  do .  Aaocalcd  3  hr  at  390*0; 

4  00  at  83*K.  6.19  at 
2I*K. 

♦6J  Cu.  Au  .  ..  Polyeryetaltine;  unao- 
R  rated. 


90.3  Cu,  9.7  Au .  Polycrystalliue;  uuan- 

neaJed. 

76.1  Cu.  24  9  Au  . . . .  Quenched  from  800*C; 

A *0.34  at  KTK. 


Q.  Re.-25% 
Au. 


O.  Re..J6% 
Au,  »B' 
o  rated. 

Q.  Re.-Cu- 
60%  Au. 

0.  Re.-Cu- 
60%  Pd. 

0.  Ua;.«% 
Pd. 


O.  lle.<46% 
Pd. 

0.  Re.-U% 

Sb4r 


Aanraled  2  hr  at  8CXfC 


A.  Ruckrn  and 
K.  Dittrich 

1192;). 


K.  OtUorUcii  and 
K.  Civru 
0927). 


K.Cruoriarii  end 
II.  RrddetuAun 
(1934). 


.do .  Annealed  20  hr  at  400*C; 

0.11  at  K3*K. 

do .  Annealed  32  hr  at  360*0; 

A -063  at  83*K. 


..  ..do,.  .  .  ....  Same  aa  above  except  latrf 
anneal'd  2  hr  at  820*0, 
thro  qurffebad;  A-0.2J 
atWk.  * 

.  ..do.,....,,  .  .  Same  a*  alxm  exet  pt  later 

annealed  6  woo  tin  at 
room  temperature. 

. . .  .do .  Same  aa  above  except  ad¬ 

ditionally  annealed  30 
hr  at  320*0. 

49.9  Cu,  60.1  Aa .  Annealed  30  hr  at  320*0. . 

49JCu.iO.IFd .  Annealed . 


93.6  Cu,  6.4  Pd .  PolycrviUlliae;  uoao- 

aeakd. 

16  Cu,  46  Pd .  Annealed;  A -0.67 at  KTK. 


■do  ...  . .  Further  annealed  JO  hr  at 

330TC. 


COPPER  ALLOYS  (Cont’d) 

Composition  (%) 1 


Conductivity  » 
w/trn  Jr*  K 


99  986  Ot»  Oj0016  Pc,  .02  Ot. 
99  80  (VO.  19  tfi,  .02  ft  .. 
99.78  Cu,  0.23  3*,  .02  Fe 
99  66  Cm,  0  J2  £.  &2  F«  - 
99  A3  Cu,  0.46  Hi.  M  Yt  . 

99  Od  Cu,  1.0U  St,  OAU  Fe 
96  09  Cu,  1  98  &,  0.06  6e  . 
MjOOU.  I  91  Si,  002  1* 


fTVm  vahka  trere  drtennioed  by  C.  H  Krruth  (1936)  at  KTO  :!umcl.<an  lit  coui- 
paalluo  pemntaif*  add  up  tn  more  than  100. 

» The  eofiuer-Oihcoo  eDuya  acre  hot-rolled,  cold-draan  and  anaealid  at  7tW,C  and 
*ete  in  the  bati^eufoo*  a  »obd  aoluuou. 


CONDUCTIVITY,  w/c m  deg  K 


\ 


a 


Docf'nbor  195-3 


TEMPERATURE  ,eK 


OOITFJl  ALLOYS  (Cont’d) 


OOITKU  ALMIY8  (Conf.l) 


(VwnroaUion  (%)  * 


Onnduftkilv * 


w/cm  tJc*  K 


Tompowlion  (%)  1 


(*oo<!uctivity  1 


Stair  1 


w/f  m  »!r*  K 


Wfii  Ctt.fln/  At.  .01  Fn . 

M.?7  0»i.  072  AI,.m  Kr* . 

00.47  4*1,0.47  Al,  .02  Ye .  . . 

Pfl.20  Cu,  0.71  Al.  .00  Kr .  . 

pmsOi.  i.w  ai.om  Kc . 

9.V28  C*u,  4  f*l  Al.  0  14  Kr. . 

W.IACu,  7.7?  AI.OI.lKr.  . 

POWM Vi.0.3?  Al,  0  07  TV . 

VO.M  To,  P.PO  Al,  0.2?  Kc  . . 

*7 7A  (\i.  I7.lft  Al,  OWKp . . . 

HH  01  (Vi,  0S»7  M»,  01  Kr,  .02  Me . 

*.•» h*  t\  n  u  Mu,  .oi  Kr,  .01  Me  . 

IN  M  (’ii,  0.1.1  Mm,  .01  Kr,  01  Me  . 

04 1  \f,  I  <V»  Mm.  <1  ft|  Kr.  .01  Mr  . 

«*\?7  ('it.  1.77  Mm,  OAU-V,  .01  Me . 

U\  3  I  {  4  64  Mn,  Oof.  IV,  .02  Me  . , . 

I*4»?.\  (*u,  0  M  Mm.  0.18  Kr,  .ft?  Mr,  .021  C  .  . . . 

Ml  0.1 1  Vi,  10,  W  Mn,  ft  (Hi  Kc,  .02  Mr,  .034  C  .....  .  .  . 


3  62  t 
2Vl  • 
■  US  • 
176  * 


.121  • 
0.83  * 
072  • 
0*4  • 
OftA  * 
Ofi(  » 
312  » 
,3  28  » 
2.78  » 
1.40  • 
102  * 
n  40  » 
026  * 
0  16  • 


•  'IK**#'  vaIiky  wtrr  ilrU-rminnl  hv  (•  S  Plinth  (10341  at  2(KC  PcmrUmn  U*r  cmn* 
|M»ilioo  |ninnl.»fia  ntM  MO  Im  nw*r  iKm  IfX*. 

•  Thf  n«|i|vr.MlMi»ni*tMii  *ll'«i>  urn  rnll'it  and  itikaW  at  70fTO  And  wett  in  Uif  c 
it.inl  mJhIhai  (hmi’I  Mi*  13* *»  Al,  ahull  im«). 

*’111*  ri'iH'* f-nwi-f  jihm  Mir)  a  ’Mir  drmnliml  vilX  nuf  nc*iu*r-,  Ko^rollfd,  and  au» 
nc(l,*liil  7(*rU 


Data  from  NDS  Circular  No.  556. 


Pfl  08*J  (Ju,  ft  002  Kc,  02  Of  . i 

M.24  Cu,  33  72  Zn,  ft  Al  H»,  .01  Kr.  .001  8. . 

06.94  Cu.  3  01  7n,  002  Kc  ,  . ! 

06  21  Cm.  4.77Zn,0«2K-  .... 

07.49  Cn,  ft  C«  Kf, .27  Ni.  2  24  Hr  . j 

P7.49  Cu,  0  06  Kc,  .27  Ni,  2  7  4  Ur  „ . 

07.49  Cu,  000  Kf.  27  Ni.  7  21  Hr  . 


3.04  » 
1.20  • 
2.A8  • 
2  42  » 
OM  » 
iai  » 
074  » 


P7.40  l\j,  0  Oft  Kr.  .27  Ni.  2  24  Hr . 

M.  1 0  (  u.  1 2  07  Zn.  I  88  111,  0  04  Kr 
Al  M  Cu,  34.70  Zn,  3  70  I1»,  007  Kr 
AS  PO  (Vi.  79  18  Zu,  4  02  IT*.  0  01  Kr 
KKft7  (*n.  3  7ft  Zn.  77  Kn.  3  8J  Hi.  ftftl  |> 
8V0K4VI.  4  no 7.11, 3  ;»».s’n. 3  W1  Ml 0  02  I  r.  .74  V 
80  4 1 4  *u,  37  OO  Zn,  I  01  Mo.  1. 12  II*.  0  02  Yr.  .18 
Al.  21 

66  01  ( Vi.  26  01  7.n,  (UK  *nn,  17  OS  Ni,  008  Kr, 
02  C. 

Al  7b  Cu.  19.70  Zn,  0  I*  Mn,  If.  20  Ni.  0  14  Kr 
04  41  Cu,  2.1  Ml  Zn.  ft  18  Mn.  10  36  Ni,  0  0*  Kr, 
.01  C 

60  70  (V.  20  88  Zn,  0  IS  Mn,  10  13  Ni,  001  Kr, 
ftl  Me. 

61  0 1 1  *o.  3C  Aft  Zn,  5  41  Ni.  0  04  Kr 


082  » 
l.tft  * 
I0»  » 
I  II  * 
0W>  1 
OM  * 
1.00  » 

030  » 

34  » 
.40  » 


42  » 
49  » 


<7ufncl'*»4 

llrh<4t'’). 

Q*»»  i.rhrtl,  toM* 
ilrrnn 
Hrl.ralr.l. 


On|l-<  \\U 


*  1  hrfr  v*l*n«  w»f»  ♦|rUfmiA*Tl  liv  (  H  Smtlh  (IU34)  *4  70*(,"  8«i>*  lim«»  llx  «mn- 
|<Kilinn  |«rinilArrn  **M  »n*  In  n.*ur  lhan  I0O 

•  IV  mnrilljmfni*  4ll*iy»  wrir  rkKM.iydy  wfxkfil.  *ni/iW,  And  *lr»ty  rm/?rtl 
c *Scrr 


FIGURE  93 


Paf'O  V.5 
KM 3-44 
Model  7 

DAq'- :  8  r)ec“raW*r  )  7SP 


TAPIS  XLVI 


(WI'KIt  AMX)VS  (C'ont'il) 


roti.jxn.Uon  (f/2) 1 


4.W|uCtVjt> 


blab-  * 


w/«n  df*  K 


4057  Cu.  17.05  Z n,  t3.il  Ni.  0  10  Kf.  2  21  Ho. 
10  41  Hi. 

8908  lu,  4  88  N»,Q0$  IV,  5  II  Al.  071  St 
PJ  £H  Cu,  1.81  Ni.  4)4)4  fe.  S  II  Al,  071  St 
88 08  Cu,  '1 94  Ni.  0 0 a  Kr,  5  II  Al, 074  Si 
50.13  Cu  4251  Zn,  1C2N«.0.I9  Kf 
89.38  Co,  0.3!  Ni,  0  52  Kf.  .34  Sft,  9.41  Al 
75  ?v  Cu,  22.22  Zn,  0  01  Kf,  !  98  Al 
M55  Cu.  38.30  Zo,  0.12  Mn,  1.0(5  Kc,  OVl  Sn, 
.13  Kl> 

99.631  Cu,  OW  Fr.J2  Si  ... 

93dl  CUl  4  5!  Mn.0.11  Ft 

99  21  Cu.  0  01  Kf,  .01  Si,  .85  CM 

98.41  Cu.  OM  Kr.  .32  Sa,  .02  8i.  I  07  CM  . 

72  49  Cu.  17.76  Zn.  3.31  Mn.  !  78  Kf,  4.14  Al 
94.00  Cu,  103  Mh.OOAKr,  4  68.S,  .  ..  . 
93.69  Ou,  0.99  Mu,  0  16  Kr,  3  23  St  ,  . .  . 

94.10  Cu.  050  Mn,  006  Kf,  150  S  ... 
81.55  Cu,  tut  An,  020  Mn.  004  Kc,  4  00  St. 
95-SJCu.  1.12  Zb,  002  Kf.  3.11  St. 

78.30  Cu,  0.20  Ni.  8  04  Sa.  1352  IT/.  0. 1  I*  ..! 
87.86  CM.  3  05  Zn,  0.03  Kr,  1 87  Sn  , 

88.36  Cu.  1 .90  Zu.  0  07  Kr.  9.55  Sn 
60254  Cu.  38.46  Zn,  0  21  Mn.  0.73  Ft.  148  Sr. 
0.01  Al. 

993)1  Cu.  0  07  Kc.  9  Cd 

60.75  Cu.  0.17  Mn,  48  69  Kr.  0 05  St, .«  C 


.31  • 


S*nd<**t. 


.15  * 
.37  • 
06  » 
1  14  « 
.1  GO  • 
l  00  * 
1  Ui  1 


Quenched 

Reheated. 

Fufotcfcoulfd 


I  65  * 
0.16  * 
3.45  * 
2.33  » 
050  « 
0  25  * 
033  » 
0.54  * 
0  28  • 
037  « 
0  42  i 
954  * 
-)50  » 
0.96  > 


Si  ndcaul. 


ChilKfut. 

Sind  <a*t. 
Sand-cart- 
Sand -cut 
S**»d-c*H. 


2  76  » 
0.9V  » 


‘Tbne  valuea  wrfr  determined  by  C  S  Smith  (19J5)  it  20*0.  Sometime*  Ibr  rocn- 
poulto  {HrcrnU«fj  adJ  up  to  inert:  than  10Q. 

•Tin  ruiKflUocou*  alJoya  were  ratrrutvtly  worked,  inoraled,  and  ibwly  coolrd 
licrpl  whrrr  noted.  * 


COPPER  ALLOYS  (Cont'tl) 


Curve 

Compcmtion  (%) 

Hr  our  k* 

r\f(e  fcuoe  (  f 

K«.  37:  Kr. 
s.-Otr. 

»dv. 

UICu.MZn.l4Ni  . 

**KfUidbff”  ....  . 

J.  Karwril  and 

K.  Svhafrf 
(1939). 

Hr.  27;  Kr. 

(5Cu.3IZo.13Hi.  . 

Du. 

Se.-broGic. 

Hr.  29i;  AL 
Mi.dlei, 
nlr. 

(5  3  Cu.  (3.;  Zn,  9 J 
Ni,  J.OI-b.OIJFr, 
0.03  Mn. 

"(IrroMn  atlvcfMj  data  fiW 
njualion  A-5JXI0*1 

3.  5’.  Allen  aad 

K.  Mrndua 
(1948). 

r«. «.  Fie- 
J«*: U.- 
Or,.  u!r. 

(7  Cu.  (1  Zn.  t  Ni.  3 
1-b. 

Mean  diameter  ol  er/* tab 
waa  002  tnpi. 

IL  iWre..a 
0951b). 

COPPER  AL,IX)YS  (Coat'd) 
COMPANY  AND  TRADE  MANUALS 


Nana 

Nominal  Coapuaitioa  (%) 

Conductivity 

v/cm  def  K 

CMort: 

LlfttrolySie  Tourk  riuh  . .  . 

mit^ooioi  . . 
W9lC<j.00Jl*  .  . 

391 

Dfuaidilfd  .. 

3J9 

0\yr,to4ttt  high  cond ... 

W92C®  .  . 

3  93 

Silver  bear  in*  ,  . . 

99  9  Cu,  trace  Af . 

3  93 

ArcenicaJ  phuephorited 

99  45  Cu.  0  3  Aa.  0  03  K  .  . 

1.76 

Krr*  culUor . 

W  t  Cu.UCTf  . 

355 

llorui  droudiitd  . 

s-,si)(:u,uwii  ... 

J.8A 

S  lemuui  copper  ...  . .  . , 

W.(  i'»,05.(c  . 

384 

leaded  co(>per  .  .  . 

W  u  Ol,  1  o  11 

3.84 

Chrvuuum  euj>prf  .  .  . 

W  0J  Ci,  OjiJ  (V 

3  24 

('vi  mi  wen  copper  .  . 

wwCu.  ijoow 

3.(4 

Butte*; 

, 

Ciiimr  .  ...  .... 

93  Cu,  6  Zo. 

7J( 

Comrorreul  bronie 

90  Cu,  10  Zn 

1.88 

Ik-jfinjt  Uonte 

901^,  9  i  Zn,0J  Zn 

1.73 

Cofmi.iicial  brwue 

175  Cu,  125  Zn 

1  73 

Htd  Uj.%.  .  . 

85  Cu,  »5  Zo 

80(1*.  20  U 

159 

Ia>*r  LfAD 

IM 

4'i/;rxl/.  br*ti 

70  ('u,  JO  Zu 

131 

Yellow  bewt* 

63  Cu.  36  Za. 

1.17 

MunlJ  UKtal 

CO  Cu,  40  U 

1.21 

Data  from  NDS  Circular  No.  556 


COI‘l*KIl  AMXJVS  (Oont’d) 
COMPANY  AM)  THAI)!-:  MANUAI.8 


Nomina!  Comprteitton  (^) 


Name 


Leidad  Bane  •: 

I  r*did  coouiirrcul  bronir 
Leaded  commercial  bronjr 
Cotutvf toil  bfomt 
Low  Waded  brin 
Low  leaded  beau 
Medium  Ifidfd  Lnwo, 

Until  lr>lnl  brrvet 
High  lead'd  trail 
Latra  hint  Wilted  briii 
Kay  cultiujc  br*a 
leaded  Munti  turUl 
Krtv  ruling  Munts  mtUl 
For rifiy  brim 
Architectural  bronte 
Leaded  nival  bran. 

) .faded  tin  bfarinr  bronie 
IJi*b  Waded  tin  bfunif  (budiin*). 
0*iey  tronii  ' 

Leaded  nickel  bran 

Sped*1  Brntu: 

Admiralty  urUj .  .  .  .  , 

Naval  Lns  , 

Min*anrac  bronte  . 

Aluminum  bnu 

**Anibrooif-l74” . 

MAnlbroolf-42^, 

Mtorauear  red  braaa.  ,  . 

Stlie'/p  red  Irfans 

Trumpet  brail  . .  .  . 

ArwfUcil  admiralty  , 

Min/arnae  Imi  .  , 

Nickel  mJrrr  I8%.B 
Nickel  adver  16% 

Irfidtd  nickel  ajvrf  12% 

lluujdior  bronte  5%»A . 
l*b«p)ior  brume  8%«C. 
I*bc»|ih<)r  hrom?  10%-D 
PixAphor  bronir  1.25%-E 
Phcwjdiof  brtmic  * 

■  1  Do  .  . 

Do 


Do 

Do 

Do 

Do 

Do 


90  (V,  9  5  Zn.  05  Kb 
49  4  u.  0  25  Zn.  1.75  Kb 
99*23  4  V  0  9  Zn,  1.75  Kb,  I  Ni 
61.5  (M.  35 '/ii.OS  Kb 
67  Cu.  32  5  Zn,  05l*b 
6l5('u.345Z.«.  10  Kb 
02  5  Cu.  35  75  Zn.  I  75  !*b 
0!  l‘u.31  Zn,  2  0  Pl> 

02  5  Cu.  35  Zn,  2  5  Kb 
61.5  Cu.  35  5  Zn.  3  Kb 
CO  Cu,  39  3  Zn.  0  5  in» 

005  Cu.  38.4  Zn.  1.1 
00  Cu.  38  Zn,  2  Il» 

57  Cu.  40  Zn,  3  Kb 

60  Cu.  37  J  Zn.  0.7  to  1.75  IT>, 
075  Sn. 

87  Cu.  4  'in,  8  Sn,  1  Kb 
80  Cu.  10  Sn,  It)  in*  . 

61  Cu.  8  Zn,  20  Nt.  4  Kb,  4  Sn 
WOu,  10  Zn,  10  Ni.5  1-b.3Sn 


71  Cu,  28  Zn,  1  Hu 
00  Cu,  5v  *25  Zn,  O  75  Sn 
6S5  Cu.  39  Zn,  1.4  Kr,  1  Sn. 
0.1  bln. 

70  Cu.  22  Zn.  2  Al 

94  97  Cu.  4.0  Zn.  I  OSn.OOjK 
88.00  (\i.  10  OZo,  2  0  3a 
850  Cu.  14  0  Zn,  I  0  Mu 
82  0  Cu.  173)  Zn,  10  St 
81.0  Cu,  180  Zn.  13)  Sn 

71  0Cu.28  0Zn,  I.OSn.OOl  A* 
7u  0  Cu,  293)  Za,  1 0  Mn 

55  i\  27  Zn.  18  Ni  .. 

60  Cu,  19  Zn,  16  Ni  . 

65  Cu.  20.7  Zu.  12  Ni.  2  i'b. 
03  Mn. 

S5  Cu.  5Sn.  trxf*  V 
VI  Co.  8  Sn,  trior  V 
90  Cu.  10  So,  trier  V 
V8  75  t\i,  1.25  So.  trier  K 
08  7  Cu.  1/25  Sn,  03)5  1*  . 
98.24  Cu.  1.75  He.  001  P 
95.95Cu.4  0Sn.005  K 
95.73  (*u,  43)  So,  0  25  K  . 
95.17  CM,  4  0  Sn,  008  K,  05  Fe 

91.75  Cu.  5-0  Sn,  025  P  .  .  . 
93  9Cu.  50St»,Ol  K,  1  Kb. 
93.7  Cu,  6.0  Sn,  0  3  P  ,  .  . 
9l.75Cu.80Sn.035  P 

89.75  Cu,  10  0  So,  0.25  l\  . 

87  90  Cu,  40  So,  4  t%  4  It, 

C.:  K. 


Sfadi 1  Bronm: 

3it>coo  bronco  A  .... 

Silieoa  bronie  It 

'‘Bvttdur*IOIO'' 

"Everdue»I012** 

MKnrdur*IOl5"  .  . 

"KverdurdUM” 

i%  Aluminum  bronte  . . 

19%  Alumiium  Uubm  . 

Aluminum  rilieou  bronar  . 
MCikur>" 

('hromiuni  vottpet 

"Jiitc-Mostfi* 

**l!itfiu«-96S’* 

Aluminum  brnorr  KS-I-I0 
Aluminum  Uon*^  86-4-10 
AKimmum  bronie 


90  Co,  2  Si 
V7LVUS*. 

95  6  Cu.  3.1  Hi.  LI  Mn 
95  6  CVi,  3  0  Hi,  I  0  Mn.  0.1  Kb 
68  25  Cu,  1  6  N,  0  25  Mo 
90.75  fti.  23)  Si.  7  25  Al  .. 
95  Cu.  5  Al  .  .  .  . 

92  Cu,  8  A|  .  . 

M  Cu.  10  Al 

82.5  Cu.  10  Al.  5  Ni.  25  Ft  . 

91  (V  7  AL  2  St  . 

95.5  C«.  2  5  Al.  ‘i0S« 

99  05  Cb.  0  85  (>  ...  . 

99.0  (X  I  0  (M 

68.6  Cu,  0  3  Cd.  0  0  Sn 
82  Cu.  10  Al.  I  Kf 

W  (*u.  10  AL  4  Ke 
875  Cu.  9  AL  35  Kt 


(MuducbviU 


w/cra  dr<  K 


1.80 
I  N<) 
Lid 
1  17 
!  10 
1.17 
1  1? 
1.16 
1  17 
1.17 
I  21 
1.17 
1.17 
1/21 
1.17 


0  !7 
0  17 
02.1 
0  27 


109 

1.17 
1  02 

100 
1.61 
1.19 
099 
0  07 
1.21 
t.ll 
074 
029 
015 
0  40 

080 

063 

050 

206 

2.18 
1.47 
0  81 
081 
076 
0  81 
0.*1 
657 
062 
050 
0-55 


0M 
059 
033 
033 
054 
0  45 
0h3 
0-71 
050 
0M 
03A 
0^7 
3.20 
3.44 
233 
055 
059 
059 


CONDUCTIVITY,  raw/cm  deg  K 
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TEMPERATURE ,  °K 


I'll 


200  300 


OOI’I’Ktl  AU/)V8  (Cont’il) 
COMl’ANY  AN1>  TUADI5  MANUALS 


nrryWnri  Ciffm: 
Uirj'lli’Jm  fn^W. 


Nominal  ConponHIon  (%)  CMuJatliritr 
•/cm  it*  K 

07  (*,  J  n<\  033  Co .  0.M 


llftyttitim  AHoy  J5.  . . 
|l< Ihtitn  *Ufty  IM  .. 
hr r> Hiom  a^v  10  ... 
Ibrjlktim  50.... 

llloy  50C  . 
lWr\Httiot  Alteijr  775t . 


J  IV,  Oj  (V  h*!***  Oi. . . 
1.7  Br.OJCVsUlAiwOi.. 
0.5  Hr.  7,|  (Vs  hrttai**  C«. 
O.nv.lMC^IOAt.W- 
niK^r*. 

nitf,o^rAb*»»n<fC«.. 
I  7.7  IKOICrsUlaAftCV. 
O.S  He,  7,5  Co*  b*kf*c  Oi  . 


HrtyKium  Alloy  IOC.  .|  0.S  He,  7.5  Co>  M*r«t  0»  .j  7.13 

Data  from  NBS  Circular  Ho.  556 


Solution 

treated, 

Al  »hove 
rim  % 
fbrmleAflr 
hardened. 

A#  »bott 

plua  f«M- 
rolled. 

fiolvUw 

lmt/d, 

rhernicifly 

quenched, 

coM- 

rofled. 


<X)PPER*NIOKEL  ALLOYS 
Sco  also  the  "COPPER  ALLOY”  graph  and  tables. 


Cnro 

Oopomlion  (%) 

CoMotUrlty  And  rrm»Ai 

Ilrfftmc* 

w/em  dr*  K 

At™l  t2  Cm,  72  In. 
15  Ni, 

"Nrmilbff";  A-0.20  »l 
iru 

|/.  I /iff  a  1 

eac«.  «Ni  .  . 

"CiwUnUn";  A«-0  H  aI 
I8*C. 

W.  JlfJCff  Af*d 
II.Hwiknol 
(1900). 

H  Co,  18  NI  .  ..  . 

i-ojiuirc  . 

E.  OrflMforfl 
(IWO). 

nn-tiii, 
Oer.  »ih. 

(2  Cu,»2  6n,  15  Ni... 

"OrfiMA  •itm” . : 

C  II.  Err* 
(l?08). 

l-Hii . 

A  ppro*.  m  me  M  Abort . 

*TfclihoidM  . . 

Do. 

WCu,  50NI  . 

"Rimka"  or  enmUnUo; 
A-0.31  Al  ira 

T.  ISvraU  tnd 

II.  M.  WinUt 
(1925) 

r*.  n;  u. 

Di..foa> 

tUnUo. 

MCm.WNI  . 

51  eryrUb  |rr  em;  aVo 
mrAMtrrd  AvnpW  with  i 
•tbrr  rryitO  «*r. 

A.  Ru/Vm 

K  IblUk-h 
(1927). 

1  NI  . . 

*-liO  il  8J*K,  0 62  it 

Jl’K. 

E.  Clwna 
(1927). 

rif.  *7:  Xr. 
Be.-Otr. 
W». 

61  Cu,  15  NI,  JO  &> . , 

~Nn»llt.»" . 

J.  X»/*n)  1 od 

K.  Srktfff 
<1039). 

FIGURE  94 


\ 


Parc  1/.7 
EMG-44 
Model  7 

DATE:  8  Dec.  1058 


TAB  12  XLVTT 


COPPEU-NIOKEL  AJ.I.OVS  (ContM) 


Cu.  f« 

Cv*Up6**M«Mt  {%} 

«  wiMUVHut;  inj  rttu*.** 

SUfcrcacc 

w/ecn  de  t  K 

r«.  Wa:  Al, 

iilv. 

44.9  Cu.  O  1  Zn,  t  s 
Ni.  1 0  111,  0  IS  »v. 
005  Mo. 

“(Inman  silver":  data  fits 
t*ju*Uou  A  »  5.3X10  1 
T*. 

J.  K.  A  Urn  and 

K  Mrndoia 
(It  IS). 

63  Cu,  V0  Ni,  17  Zo. 

“Nickel-silver",  A  •*  25  5 
mw/em  dr*  »t  10*K, 
43  5  at  16*K,  71.1  at 
2lTK. 

K  H  Wilkinson 
And  J.  Wdli 
(1919). 

7ocu.wni  . .. 

"Cujwo-mehrl'*;  k -20  9 
mw/cm  Uty  at  UTK, 
35  6  at  15VK,  50.2  At 
'20*K. 

Do. 

ft*.  28: 
i'.Z  J.- 

comUn- 

tan. 

65  Cu.  IS  Ni  .  .. 

R.  W.  Powm, 

J.  11.  ZimW, 
>i.l  II  1. 

Johns  loo 
(I051e). 

Fi*.29>: 

Mu.- (V 
20%  Ni. 

M  Cu.  20  Ni  .  . 

Abo  ©bUirwxi  A  ••  127  ro  w/ 
cm  dt*  At  21  9*K  Aid 
799aI  16  3JK. 

J.  K.  Iluliu 
(1951). 

Fit.  28;  B.. 
Couitsn* 
Un. 

SO  Cu,  10  Ni  .  . 

. . ... 

H.  Brnnio 
(1951b). 

Kk>.27  .Mi; 
Il-.fltr. 
ill*. 

17  Cu.  41  Zn.  9  Ni,  3 
Pb. 

Mean  dunwV  t  U  try  »UW 
waa  002  mm 

Do. 

ft*.  27;  K». 
Zi.  •  Cu  - 
10%  Ni. 
Bimraled. 

90  Cu,  IG  Ni  .  .  .. 

Two  Aompliu  which  w«« 
AiwKwkd,  one  a  aiu«tc 
cryctal. 

1.  Fa  U- fin  a  no 
and  J.  K. 

ZunnirniiAon 
.  A 1962). 

K.-Zi.-Cu- 
10%  Ni. 

call. 

Two  AAioph-3  which  irtrw 
cold ’Worked. 

Do. 

OOPPEK-NICKKI,  AL1.0YS  (ContM) 


Coapuwtioo  (%) 


99.73  Cu,  0.28  Ni.  JO  1  Kr,  03  Mg 
W.47  Cu.  0-fi  I  N»,  ,02  Ke.  .04  Mfc 
27.94  Cu,  1.97  Ni.  0  02  IV,  04  Mf  . , 

91.92  C.-,  50iNi.G0»  kr.  03  M*  ... 

N.90  Cu.  10  07  Ni.  0  02  H,  03  M*.  .02  C  . 
84  85  Cu,  15  07  Ni,  0  06  Kr.  .Ql  M*«  .03  Mu. 
79  09  Cu.  19.79  Ni.  0.23  IV.  30Mx  ... 
69.61  Cu,  30.21  Ni.  0.05  Kr.  05  Mu.  .13  Mn 


(kxnpcnUon  (%) 


64.14  Cu.  HUS  Ni,  0.19  Kr,  17.04  Zo,  0  3  Mo. 
02  C 

63  *17  Cu,  10  89  Ni.  0.1 4  Kr.  H  22  Zo.  3  31  3n.  5  4 
\'b,  0.23  Mu. 

96.05  Cu.  3  01  Ni.  0  004  Kr,  .88  & 

Oo  05  Cu.  3.01  Ni.  004  Kr.  88  A 
9C  05  Cu,  3  01  Ni.  0  01  Kr,  .88  Si 
74  07  Cu.  19.96  Kr.  5  J1  Zo 

61 5  Cu.  29.44  Ni.  0  07  f>,  5  69  Zn 


Conductivity 

w/ac  di*  K 

0443  '•  » 

028 

0  73  *•  • 

1  68  '•  » 
1.69  » 

039  * 

0  28  '•  * 


Conductivity 


w/cm  dr*  K 

J  22  «.  • 
2.92  ».  • 
1.72  ».  » 
1.00  ».  » 
0.62  ».  * 

0  17  '•  * 

0  JO  i.  * 

0  29  ».  * 


Suir 


Scud -cat  l. 

Uuenebnl. 

1m  braird. 

Kur  user- cooled. 


*  Tlic  v*1um  were  Jetre  mined  ty  C  S  Smith.  1).  W  I'aIuhc  (1935)  At  2U’C.  Some" 
tLr  LompesituHi  {xfunl^r*  *dd  up  to  auxr  ch*u  tOO. 

■'I hr  <om» r-mclel  alloy*  wctr  devnid>t(d  viib  inijtrru.um,  fold  folio*,  Aid  an* 

in  al*il  At  5tW  C. 

*’ll>  MmulUncouS  alloy*  wrrt  tilruuvrly  wofkrd,  AiinralnJ,  Am)  slowly  rnohd 
ricrpt  whirr  noted. 

uutn  from  NPS  Circular  No.  556 


COPPEK-NICKKI,  ALLOYS  (ContM) 
COMPANY  AND  THADE  MANUALS 


Name 

Nonilual  roaipevition  (‘“  ) 

CuldlKt’.Wty 

Cupf>ntcLrl  30*J, 

70  Cu,  10  Ni 

w/im  de/  K 

0  29 

Cutxo-tuekrl 

8SS  Cu.  10  Ni.  1.4  K. 

0.47 

Nrcktlailvrf  l8ci«A 

66  Cu,  18  Ni.  C  Zu 

0  JJ 

Nickel  Jilvcr  18*  t*B 

55  Cu.  IS  Ni.  11  Zo 

025 

Nickel  aiIvcc  15% 

60  Cm.  15  Ni.  19  Zu 

55  Cu  45  Ni 

ots 

Cooitantaii 

0  21 

Dairy  bro/ifr 

SI  ;\l.  20  Ni,  S  Zo.  1  Pb,  I  On 

021 

Lradrd  ruckrl  brass 

60  Cu,  16  Ni.  16  Zu,  5  Kb.  3  >^u 

0  27 

Leaded  .uckrl  silver 

64  Cu.  12  Ni.  20  7  Zn.  2  Pb,  0J  Mn 

0  ID 

m. 

SILVKIt  ALLOYS 


Curve 

Composition  (%) 

Conductivity  and  remarks 

Hefirvncr 

w/cm  dot  K 

90  At.  10  Pd.  .  . 

*-1.41.t35V  . 

K  A.  Bchulir 
(1911). 

60  A,.  20  Pd 

A-0.JI  >t  55*C 

Do 

.  ..  - 

70  30  pd 

A  ”0  57  »!  24"C 

Do. 

SO  At.  40  Pd  .  .. 

A-0.4J  .4  34*0.  .  .  . 

Do. 

60  At  SO  Pd 

A -013.1 34*0 

Do. 

WAf.  10  Pi 

A  -0  9S  >t  25*0 

Do. 

75  At.  34  Pi 

A-O.M.l  25*0  .. 

l)o 

70  At,  30  Pt  . 

■A -031  >124*C 

Do. 

«7  At.  U  It 

A-030.135C  . 

Do 

..j 

^O-c-c 

99.63  At,  037  Au.  , 

K  CrunusmA 
11.  Kiihleniaii 

(1931). 

O.  St  Af. 
54%  la. 

75  At.  34  Au . 

Bir*lc  crystal  .  . 

Do. 

O.  Rr.-Ag 
50?h  A*. 

60  At.  60  Au  .  . 

S»  r»tlr  crystal 

Do. 

l'o.’Ac 

Boiler. 

60  At.  15  5  Cu,  16  5 
Zn,  18  Cd. 

"  Faj  y- Ho”;  flame  am.c*»  led. 

It  1,  Pool’ll 
(1951) 

GOLD  ALLOYS 

90  Au.  10  IM 

A-0VA>»35*C 

K.  A  Behulir 
(1911) 

80  Au.  20  IM 

A -059  >U5*C  .  . 

I)n 

70  Au.  30  t*d  . 

A -0.44  *t  25*47 

Do. 

60  Au.  40  I'd 

A  -0  40  .4  34*47 

Do. 

50  Au.  60  l'J 

A-0J6  at  25T 

Dii 

90  Au.  Id  Kl 

A  -0.76  it  25*17 

llo 

N)  Au.  20  rt 

k  «*9  41  al  25*C  . 

Do 

70  Au,  30  I't 

A -030  .4  25*0 

Do 

60  Au.  10  I't 

A  ■  0  2ft  at  25*C 

!>>• 

— - —  * 

-r  - 

-  -  - 

■ 


OOUI  AI.I.OVS  (C'ontti) 


(*omji.r"lirtM  CJA 

Conductivity  aid  r>mtV* 

»  Voi  iW  K 

92  n ton’ll  ^  Ail.  A 
atomic  ^  I't 

A-0*Oatl«rc 

*1  An.  16  It 

A -OH  at  KP 

<i«  A%  22  It 

A  0  22  at  i«v 

to  An.  16  Pt 

A -021  at  \«V 

60  An.  SO  A* 

HiujIp  eryMal 

76  Au.  26  A« 

Suck  ri)>Ul  . 

7.1.7  Au.  26  1  I'll 

PoljroMillme 

91  Au.9  Cu  . 

Uolyeryalalbn** 

•VI.  1  An.  OOCu 

QttMifhrd  from  MOT; 
A*  0.192  at  N6*K. 

do 

&ttne  w  al>orc  rvrepl  an* 
nnkd  22  hr  al  3WC. 

A -US  at  WK. 

do  . 

lirntKnrhtU  from  S00*(\ 

A  *023  at&TK. 

do 

Annealed  30  hr  at  .320*0  . 

91.2  Au,  ?.«  I’d  . 

Tmjiffnl  at  for  2 

hr. 

M  Au,  1?  IM  . 

Annealed  l  hr  at  SOOT, 
appro*  Mnin  curve  ai 
UA*IY.  Au”. 

fiOAil.MAc.nrt 

k  ■'053  at  foorn  tempera- 
tun*. 

C  II  Johvrwon 
audJ  O  Uwl** 

nm 


K.  (Ifflnehen  and 
II  kiJ'lffrunn 
(IMO» 


Trvlc  Manual. 


INDIUM,  THALLIUM  ALIXIYS 


06  Tl.  31  11.  ..  .  . 

Foci  «mi>k  with  "hrer" 
rryaUh.A  0.23  at  27.1* 
K,  0  1.1  at  S0*K;  for  a; 
sample  with  "«inalr* 
crv'UM.  A'*0  it  at  272* 
K.0I1  alWK. 

r  .  » •  t 
A.jKuctcn  and 

K.  D.llnchi 
(1927). 

»  • 

i 

07  f  l.  .21  I’b  bv  atomic 
jH-rrcnl 

Mei«|f*d  rrlalirr  rhangr* 
of  thermal  comlirtirity 
»k<n  the  alloy  liteam** 
tuperctindurlive 

W  J.  He  Haim 
and  II.  Hrem- 
mcr  (19.22).  f 

91.1  In,  A#  I*h  l>f 

atom  if  |v  rcint. 

llrcam*  superconductive 

ai  i.rn. 

11.  Hammer  and 
W  J.  dc  llaa* 
(1920) 

60  1  n;  50  l*h  by 
atomic  jicrrrnt. 

Ill  came  nut-  rromJurting 
at  rhSCK 

Vp 

POlit,  lOllbv  atomic 
l«rrent 

Single  r  natal;  ijimmml 
l-ith  in  the  nornMl  vxl 
supcrcoodui  line  **vte, 
transition  tni'j*  rature 

about  3  I'K. 

J.  K.  llulm 
OV62b). 
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l><  ■»K  II  itliXI 


ZINC  AU-OVS 

Ntunin  d  *  n»A|w*»ilti*o  I' , ) 


d'e  K 


(7<amal  I"  'Ml  An.  v  M  I*  01  Mr 

*'Ai»  ul  V  '•'»  I  Al,  I  <*u.  Oni  Mrf 

*  Zainal  2’*  'O  1  Al.  A  f'u.  0 01  M* 

('modi  foiw  WV.H  OHS  Hi 

Do  ws/.n.ow  ivnoo  <  i\ 

nollol  x\ru  alloy.  H  7  An,  I  <’u.  001  Me 

*‘ZiTU)j«.ir. 


CADMIUM  ALLOYS 


Curv*  (‘iKiijxvition  C,J.) 

Ftp  20;  60.7  <M,  33  3  Mi 

Mu  (  Se.- 

Mi. 

Ku.nr.ru-  60  (M.  50  Ml 

60%  Kb. 


A.  lai*km 
•  J,  (!*  Mho»1 
(1912) 


Coro  position  tr," ) 
9M  lie.  1.10  In 


MKIlCtJItY  ALLOYS 

Ifrttarkn  Rrfer^nre 

Mamml  ratio  of  co»VdurUviU*n  in  normal  J.  K  llulm 
ami  auptrcondu'ling  itib*.  (I960) 

S-e  al*n  the  grajd t  and  table  under  "McUb 
lie  KUnmili  . 


TIN  ALLOYS 


Curve 

Competition 

Itemarba 

lb  fer^noe 

'  Fie*.  IS..  1. 

Up  to  i%  mcrciiry 

See  Ultle  mxler  f  tfe.  |  ^a,  \ 
‘'Metallic  KlciiiniU”. 

J  K  llulm 
nsyi). 

D» 

Up  la.I^pWimn 

do 

|t  It  (iOQilnian 

(19V). 

TIN  ALLOYS  (Cnnt-’cl) 
COMPANY  AND  TKADK  MANUAL 


Name 

Nominal  Comjxwpon  (r*) 

_ 

MuUcUe  *ofl  eoW't 

03  Sn.  .27  Pb 

Tin  foil 

il  Sn.  1  An 

(Conductivity 
w/cm  df*  K 


Data  from  NDS  Circular  No,  556 


tabu;  xlviii 


CONDUCTIVITY,  rrw/cmdsg  K 


Ki«.  J'i;  I. 
lip. 


Or.  Hr.-IIl- 
S0%8b 

(lr.Nr.-lll- 
1.1%  fib. 

Or.  Nr.. Ill- 

Uti  «!*. 

Or  Nr -Hi- 
0%  fib. 

Kir.  JJ.ItU: 
Hr.  II- 
Ibar. 


W>ni.i5l1i,Hft!.ll  I  "lipo*lll  itWij 

Od. 

5n.ni.60Bb .  * 


no  m,  nsb. 

n  ni,  ii  m> 


Ko.  Or.-fib-  66,7  fib,  Mil  Cd .  "Vrrr  bird  -. , 

13%  Cd. 

Or.  Nr.-fib-  70  fib,  30  Bl . . 

30%  Rj. 


0.  O-ldboff  and 
K.  Nrumrirr 
(10130. 


|  SO  Hi.  It  Bb. 


91  m,9Hi. 


Oe.Nr.-n|.  I  M  8b,  50  Bi. 

50%  fib* 


I  60 Hi,  15 rb, II 8a.,  "Rcrr'a  ikUT .  11.  Bmn  mar  aud 

W.  J.  it  llur 

(1936). 

from  NBS  Circular  No,  556 


FEURE  96 


from: 


f  i .  > 


I 


Par*'  1 52 
FMG-.U 
Modoi  o 
RATE;  8  Dpc. 

,  k '  Cr  '»»*  *  v 

1*"  {  '.  .  1  nr'  /.»».*  '/i*jv*r*j*  -- 

-  1  )’>-•  Yr-rt 

J.’J.y  1,  ir/J 


TAblE  XUX 

THERMAL  COJ-7DUCTIVI27  OF  VA’.f^M  jr  --r,.v;rnrG 


. Tnr.'.iln  tion 

Thcui:al  Conductivity 
Bctvcen  Hc»r:n 

Tamper at urc  tuui  50 ’K 
Btu/iif.-ft.-’F 

‘Ihcrr-4.  Conductivity 
rctut.cn  .R<->ou 

Tc-  -r.:rr  Luro  r.nd  20  rK 

-°F 

t'Sf'itl?  '.*A 

Oantccol  "A" 

1400  x  10"5(1) 

-  /  *  *  •  *  v  •  i 

>'  ■  ntoool  "A" 

120  x  10“5 

96.0  x  10~' 

w 

Porli,  t,o 

90  x  10~5 

72.0  x  10~5 

ffi 

Slrni yht  Vacuum  ’ 

78  x  10‘5(2) 

62.0  x  io'5 

l\ni*  CS-5 

22  ic  10” 5 

17.6  x  io"5 

11 

MaJ.  SI-4 

3  X  10“ 5 

.?.?  x  10“5  ‘ 

/ 

/O  x  IO 

- 

3 

(l)  l  <•;  14.7  p«i»  snd  T 

«  0*C.  All  oth'r  !:’•  «'>  ’ 

■  "■  *  2’>i  vacuum . 

(:')  !  >./iict  Conductivity  for  1  In.  Spnco’  Oi f  •  f 

1  I  f  n.CCD  , 

i 
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98 


on«l  Tt 


Apportot  tl  of  w** 

clou<f*<«!(  fooMt.  * 


Young'»  nodulvi  of  plottkj.  (+  «  T»m1U>  ©  =  ^  ~i  >  •' 


\t  •* 


DATA  FROM  COHhUC.INI ,  CHEM.  ENG.  PhOG .  p.  2(0 


TAD IE  L 


iJnro  1  Vi  X* 

rm-u 

Morlol  7 

DATE:  8  Docnrahcr  1958 


t 


—  Spnjlfk  lluuit  of  Somm  JelniteJ  Sululancal 
Cr.  iul./(o  )C  K.) 


T»mp«iu* 
lure,  *  K. 

Al 

(3) 

(5) 

Cu 

(2) 

HI 

12) 

n-Mn 

l*. 

a  f » 

12) 

3  U 
C2) 

C* 

12) 

It  8 

flulhltll  • 

Mon«l  ** 

fvi.d 

Slllto  (|) 

r>r«**4 

Teflon 

at) 

20 

(M,  l> «..) 

.0034 

.00  !■) 

0019 

.0017 

(033 

(1,11 

01)14 

.0004 

.0011 

.0014 

.004  > . 

.0033 

0103 

50 

77 

(H,  b.p) 

90 

(O,  b.p.) 

.01137 

.031)11 

07.15 

.015  . 

0211 

1  179 

02111 

0090 

.014 

.0185 

.0273 

.0244 

.0491 

.0815 

.114 

■Ol/I 

.0.172 

.04/.1 

O'JJt 

040/ 

0357 

030 

.04)7 

.0470 

.047 

.0739 

.103 

.141 

0354 

.0  !3h 

.05/  4 

OI4I 

.Or  04 

.030 

.0509 

.0370 

.0373 

.0051 

ICO 

.115 

.153 

0307 

.Of ‘.I 

.054) 

.||$I4 

.0434 

■459 

.037 

.0371 

.0443 

.043 

.09.11 

150 

.157 

.302 

.07/4 

.0/83 

.0672 

0/7  J 

0973 

J737 

.083 

.0783 

.0903 

.101 

.137 

300 

.191 

.331 

.0834 

.0913 

.1003 

.07)0 

.11)6 

.0933 

.099 

,0197 

.129 

.132 

.154 

398 

.313 

.333 

.0934 

.1050 

.1144 

.1070 

.123) 

.1073 

.114 

.10)9 

.177 

.183 

(  740  al 

3(10*  K  ) 

*  Cojculalnd  on  baili  18  Cr  I  HI  bolanct  y  fe,  Ikon  ad|uil^d  lor  ogrcamant  v-tlH  aiporlmanlal  valval  ntar  loom  Umparotuia. 

**  Coltululnd. 

Cnleulalad  from  data  for  SIO,  and  8,0,. 


■TP 


.—Moan  Llnoar  Thormal  Ixpanilon  of  Varlaui  Solldr 
tO'AI/l, 


J. 

fraa- 

V 

1020  law 

304 

machining 

. 

Carbon  ■ 

Stolnlaii 

Tallow 

Aruldlle 

*  K. 

Cu 

HI 

Al 

Ms 

Zn 

n 

Stall 

Sleel 

Monal 

• 

Inconal 

Brora 

Pyra* 

501 

Teflon 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

70- 

0 

0 

0 

1 

1 

0 

o  • 

-1.1 

0 

0 

0 

-1 

10 

30 

40 

2 

1 

i 

3 

9 

1 

1 

-1.5 

1.5 

1 

4 

-2 

39 

90 

50 

10 

4 

10 

12 

21 

2 

4 

+2.8 

6  . 

3 

13 

-1.3 

78 

140 

no 

25 

12 

24 

29 

57 

6 

10 

14 

13 

12 

34 

+  1 

124 

243 

too 

44 

23 

46 

35 

93 

14 

20 

30 

29 

24 

37 

4.3 

101 

333 

130 

47 

38 

72 

87 

133 

24 

32 

30 

43 

38 

83 

8.3 

242 

430 

140 

92 

63 

104 

124 

174. 

35 

47 

73 

64 

35 

113 

13 

310 

3  40 

140 

119 

74 

138 

144 

221 

47 

63 

■  97 

83 

74 

146 

17.3 

383 

660 

IM 

146 

93 

173 

208 

247 

40 

81 

124 

107 

95 

180 

22.3 

467 

803 

700 

178 

117 

214 

254 

314 

74 

101 

131 

130 

117 

214 

27.3 

534 

993 

730 

209 

140 

233 

303 

363 

89 

121 

180 

153 

140 

249 

33 

651 

1,213 

7<0 

240 

164 

397 

353 

413 

105 

142 

210 

180 

163 

283 

39 

733 

1.440 

750 

272 

188 

341 

403 

46J 

121 

144 

241 

207 

187 

322 

44.3 

862 

1.470 

JP0 

303 

213 

3U3 

433 

511 

138 

187 

272 

234 

212 

339 

50.5 

980 

1.900 

?(K)  - 

339 

239 

431  u 

503 

572 

153 

219 

9448’ 4f4t9*1f8£  (1(» 

304 

261 

238 

397 

nrv^strtfM 

57 

1,107 

2,460 

?  tty*' 

-Solcdad  Minimum  Total 
Imlutvllloi  * 


Surface 

4 

Temp., 

20 

* K. 
77 

300 

Copper  . . 

0.0050 

•  •  a  • 

0.001 

04)  ir 

Cold  . 

•  •  .  .  . 

.01 

.02 

Silver  ....... 

.0044 

.... 

4)08 

4)2 

Aluminum  . ... 

.011 

.018 

.03 

Mogneitum  . . . 

.*  .  . 

•  a  a  • 

.07 

Chromium  .... 

.... 

4)8 

.01 

NilWl  .a..,.. 

.... 

.022 

.04 

Rhodium  . 

a.  #  a 

4)7* 

lead  . . 

.012  ' 

.... 

.036 

.05 

lia 

.012 

a  a  •  a 

.013 

.03 

Zinc  . . 

.... 

.026 

.05 

Uitni  .....  , 

Sioinleii  $U»), 

.oil 

.... 

.... 

.033 

188  . 

50  Pb  50  Sn 

.... 

.04* 

.01 

loftier  . .... 
GIum.  pa. nil. 

.... 

.032 

.... 

carbon  «... 
$»l*er  plafu  on 

.... 

.... 

>» 

capper  ..... 
N'dftt  plole  on 

.013 

.017 

.... 

copper  .... 

.027 

.033 

..  .  , 

'  Atloolly  obioipliiiil.t  (or  rodlotlon  (bar* 
oiloiitlc  of  300*  K.  Normal  and  kamlipktrkal  j 
™l«i  or*  Indvdtd  Indkcilnlnataly.  > 


— Mochanlcat  Pmpartlat  of  floilld 


Comprelllv# 

Tenille 

yield 

Yuuiig'i 

■Iranoib 

itrength  • 

niuiMui 

T 

Ib./tq.ln. 

Ib./tq.ln. 

lb./»q  In. 

•  K. 

X  io-' 

X  10* 

X  10* 

Taflon  (Polytalrafluoroathylana)  . . 

293 

2. 

a  .aa 

.06 

193 

3.3 

aa.  a 

.26 

153 

8. 

9. 

.54 

77 

15. 

18.3 

.74 

20 

a  a  a  a 

23. 

.... 

4 

a  a  a  a 

27. 

1.0' 

Kalf  (Polyl/IBucramonothloroatkylana)  . . . 

293 

6,3 

*  a  a 

.76 

198 

14.0 

aaa  a 

.62 

77 

16.2 

aa.  , 

.64 

4 

aa.  a 

44. 

.  300 

1.3 

•  a  a  a 

.02 

4 

a*,  a 

25. 

Polyvinylchloride  . . ,•»,,»»» 

293 

7.7 

.32 

198 

17.4 

.33 

77 

19.7 

aaa  a 

1.11 

.  293 

9.3 

•  aa  a 

.43 

191 

20.1 

.36 

133 

94.3 

...  , 

.73 

77 

27.9 

a  a  . 

1.10 

.  300 

21.0 

a  .aa 

10) 

193 

27. 

•  aa  a 

1.16 

77 

21./ 

aa*  • 

1.83 

•  Companion  dalo  by  Swenton  (4u). 

All  other 

valve*  were 

and  are 

from  (41)  and  (47). 


I'CKL-  M.M 


\JFJC  HeA  T 

CC/T.CJl  Tfi&i-ES ,  Y-PSS 
fi  t  Lfru?/v7~$  $F*f 


PofTO  1 56 

Fi»-A4 
Model  7 

PATS':  &  DecemWn 


I 

TABLE  Ll 

elastic  properties  or  expanded  polystyrene 

from  9  SPECIMENS  OF  APPROXIMATELY 
3.0  LB.  PER  CU.FT,  DENSITY 


Property 

pli/lb, 

p«f 

Tompwtturo 

•K 

Direction 
X  Y 

Z 

z/x 

E/p 

300 

1510 

"*1772 

1953 

1.30 

*/? 

195 

1689 

A 

2228 

1.31 

E/p 

n 

1944 

* 

2657 

1.36 

O/p 

300 

620 

">»  600 

667 

1.09 

O/p 

m 

1 

650 

• 

698 

1.08 

O/p 

74 

781 

~  757 

850 

1.09 

o/p 

20 

956 

1031 

1.08 

’  wi 


pats;  ftujm  nbs,  k.  m.  McCi.intogk 


250 


50  IOO  150  COO 
T£UP£Ri\TUf?£  °K 


300 


Z/o  AUD  Gfa  fOQ  EXPAMDCD  £POXV  P£SIKJ 

ioi 

* 

Data  from  NBS,  K.  M.  McClintock 
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FlOUrtr  102 


P/iRe  162 
KMC] -44 

■  TABLE  LIU  ,  _  Model  7 

DATE*  8  Decombcr  1958 

THERMAL  EXPANSION  DATA  ON  VARIOUS 
AIRCRAIT  ALLOYS  OVER  THE  RANGE  FROM 
ROOK  TEMPERATURE  TO  -253a<5  (20.5aK) 


290  . 

250 

75.0  x  10'6 

25.0  k  10 

200 

58.0 

19.3 

150 

32.0 

10.7 

100 

14.0 

4.7 

50  ■ 

2.0 

•7 

20.5 

.85 

*  *3 

290 

250 

200 

150 

100 

50 

20.5 


70.0 

72.0 

60.0 

•46.0 

16.0 

3*4 

■; 

.0.0 
IU.O 
6.0 
80.0  :  7 

-  -it-0  ~ 
66.0 

4o.O 

12.0 

6.8 
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TABLE  LI  II 
(Continued) 


T  A  L/'K 

Ck) 


Stainless  Steel 


'290 

250 

200 

150 

100 

50 

20.5 


290 

/* 

250 

30.0  x  lQ-o 

200 

28.0 

150 

20.0 

100 

12.0 

50 

6,0 

20.5 

M 

Page  163 
EMG-44 
Model  7 
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Coeff.  of  Exp. 
(inchee/lnch/'K) 


16.7  x  10“6 

15.7 
11.3 

5.3 

2-3 

1.1 


■: tr - 


A'4/r-'  ‘  A/£i^> 


EMF  -  .  MICfiC  VOLTS. 


UCRL-i-121 


COPFEZ  -  CONS TAN  7HEZW0 CCWPL ES 
gEF£&£fvC£  J~(JNCT/6M  273  V  (o  *c) 


DUe' 


TASTE  LIV 

Heat  transfer  between  parallel  surfaces  through 
various' types  of  Insulation.* 


Pago  180 
EMG-*4 

Kodsi  <  7 

DA.fv.  8  December  19153 


Heat  transfer  is  in  milliwatts  cm-‘ 
through  insulation  having  the 
'indicated  boundary  temperatures ♦ 


Temperature  of  warm  surface--* 
Temperature  of  cold  surface-* 

Kind  of  insulation 

300  *K 
774K 

300°K 

20  *K  ‘ 

_ _ _ _ i 

77*K 
’  20  *K 

i  . 

High  vacuum  p  =  l0“b 
mm  Hg  (H2  residual) 

Emisslvity  0.02  at  each 
surface. 

0.91 

. •  ! 

0.92 

0.004 

Gases  at  atmospheric  pressure 
(no  convection).  15  cm  between 
the  warm  and  cold  H2 

surfaces 

19.3 

(k  a  1.30) 

19.6 

(k  =  1.05) 

0.8 

(k  =  0.22) 

He 

17.  i 

(k  =  1.15) 

17.7 

(k  =  0.95) 

1.7 

(k  =  0.45) 

Air  or 

.  Nz 

2.68 

Ik  =  0.18) 

, 

Evacuated  powder  (expanded 
perlite  with  density  of  5-6 
lbs  ft~^),  15  cm  layer. 

0.  16 

(k  =  0.011) 

0.  13 

(k  =  0.007) 

0.007 
(£  =  0.002) 

Gas  filled  powder  (expanded 
perlite  5-6  tbs  ft- 3) 

15  cm  layer  He 

18.7 

(ic  b  1 . 26) 

18.7 

(k  =  1,0  cut) 

2.2 

(k  =  0.5) 

4.0 

(k  *  0.32) 

- --- 

Polystyrene  foam  (2  lbs  ft"  )  1 

15  cm  layer 

4,9 

{ft  =  o.  33) 

5.1 

(k  =  0.  27)  ! 

0.57 

(k  =  0. 15) 

it  is  the  apparent  effective  ftjspp  thermal  conductivity  for  the  tempera¬ 
ture  interval. 

k  is  the  actual  mean  thern^l  cpnductivity. 

The  units  for  k  apd  k  are  njill)  watts  cm’*  *K"*. 

- - : - ; - 1  ; 

*  These  computations  werp  tpade  by  M.  M.  Fulk,  NDS. 
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